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(57) ABSTRACT

The present invention provides a method of producing a tet-
racyanoborate-containing ionic compound in a milder condi-
tion more efficiently and less expensively than conventional
methods, and a tetracyanoborate-containing ionic compound
having a reduced content of impure components. An ionic
compound of the present invention is represented by the fol-
lowing general formula (I), has a content of fluorine atom-
containing impurities of 3 mol % or less per 100 mol % of the
ionic compound, and a method for producing an ionic com-
pound represented by the general formula (I) of the present
invention comprises a step of reacting starting materials con-
taining a cyanide and a boron compound.
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(In the formula, Kt™* denotes an organic cation [Kt?]”* or an
inorganic cation [Ke]™"; and m denotes an integer of 1 to 3.)
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IONIC COMPOUND, METHOD FOR
PRODUCING THE SAME, AND
ION-CONDUCTIVE MATERIAL
COMPRISING THE SAME

TECHNICAL FIELD

The invention relates to an ionic compound, more particu-
larly, an ionic compound having a tetracyanoborate anion and
its production method as well as an ion-conductive material
using the same, an electrolyte solution containing the same,
and an electrochemical device containing the material.

BACKGROUND ART

An ionic compound has been used for an ion conductor for
various kinds of battery cells based on ion conduction and has
been employed for electrochemical devices such as primary
batteries and batteries having charge/discharge mechanism,
e.g., lithium (ion) secondary batteries and fuel cells, and also
electrolytic capacitors, electric double layer capacitors,
lithium ion capacitors, solar cells, electrochromic display
devices, etc. In general, these electrochemical devices are
each composed of a pair of electrodes and an ion conductor
formed between the electrodes.

Examples ofthe ion conductor are electrolyte solutions and
solid electrolytes and those obtained by dissolving an elec-
trolyte in an organic solvent or a polymer compound or their
mixture are used as the ion conductor. In the ion conductor,
the electrolyte is dissolved and dissociated into a cation and
an anion to exhibit ion conductivity. A battery using such an
ion conductor has been used for portable electronic appli-
ances such as lap-top type and palmtop type computers,
mobile phones, video cameras, etc., and along with wide
spread of these appliances, the necessity of lightweight and
powerful batteries has been increased. Further, in terms of
environmental issues, the importance of development of sec-
ondary batteries with longer lives has been increased.

As an ionic compound to be used for the above-mentioned
secondary batteries or the like, lithium hexafluorophosphate
(LiPFy) and lithium tetrafluoroborate (LiBF,), which are
electrolytic salts, and cyanoborates containing alkali metals
and organic cations have been proposed. An ionic compound
containing the above-mentioned cyanoborate as an anionic
component has a characteristic as an ionic liquid, that is, the
ionic compound is a liquid even at room temperature and
shows a characteristic of being thermally, physically, and also
electrochemically stable and thus has been investigated for
applications to various uses.

There have been proposed various methods to synthesize a
compound containing tetracyanoborate (TCB:[B(CN),]7)
among the above-mentioned cyanoborates; that is, a method
of reacting a compound containing boron and an alkali metal
cyanide (Z. Anorg. Allg. Chem. 2000, vol. 626, p. 560-568),
a method of carrying out the above-mentioned reaction in the
presence of a lithium halide such as LiCl or the like (Japanese
Patent Application Publication (Translation of PCT Applica-
tion) No. 2006-517546), a method of reacting a boron com-
pound such as KBF,, LiBF,, and BF;. OEt, with trimethyl-
silyl cyanide (Z. Anorg. Allg. Chem. 2003, vol. 629, p 677-
685, H. Willner, et al., (two others), Z. Anorg, Allg. Chem.
2003, 629, p 1229-1234, J. Alloys Compd. 2007. 427. p
61-66, R. A. Andersen, et al. (four others), JACS. 2000. 122.
p 7735-7741), etc.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, since an alkali metal cyanide has low reactivity
with a boron compound, it is needed to carry out the reaction
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under high temperature condition around 300° C. or to use an
excess amount of the alkali metal cyanide and thus there are
problems that it costs a high installation cost to introduce
facilities with such high durability as to deal with the above-
mentioned reaction condition and that impurities are easy to
be produced. On the other hand, there are also problems that
trimethylsilyl cyanide is expensive: the yield of the product is
low: and that a salt of tetracyanoborate and trimethylsilane is
instable and easy to be decomposed by heating.

In this connection, a method of synthesizing tetrabutylam-
monium tetracyanoborate (Bu,NB(CN),) by using [NBu,]X,
BX; (X=Br, Cl), and KCN is reported in 7. Anorg. Allg.
Chem. 2000, vol. 626, p. 560-568; however it is difficult to
synthesize the above-mentioned compound by a check
experiment under the condition described in the above-men-
tioned Document and accordingly, a method of more stably
obtaining a tetracyanoborate-containing compound has been
required.

Further, in the case an ionic compound is to be used for
electrochemical devices as described above, from a viewpoint
of reliably attaining good ion conductivity and preventing
corrosion or the like of peripheral members, it is required to
lower impure ionic components contained in the ionic com-
pound. For example, in the case the cyanoborate anion-con-
taining compound described in the above-mentioned Docu-
ment is used as an electrolyte of an electrolyte solution of the
above-mentioned electrochemical devices, it is particularly
indispensable to lower cyanide ion (CN7), halide ion, and
metal ion.

However, in almost all of the conventionally employed
methods, fluorine-containing boron compounds are usually
used as raw materials. Particularly, in the case of synthesis of
a compound containing cyanoborate as an anion, a starting
material sometimes remains, or isolated CN~ and water some-
times remain in the compound and in such a case, heat resis-
tance of the ionic compound is lowered in some cases. Fur-
thermore, these impurities remaining in the electrolyte lower
the ionic conduction capability and corrode the peripheral
members such as electrodes, resulting in a cause of deterio-
ration of the electrochemical capability.

In view of the above state of the art, it is an object of the
invention to provide a method of producing a tetracyanobo-
rate-containing ionic compound in a milder condition more
efficiently and less expensively than conventional methods
and a tetracyanoborate-containing ionic compound with a
reduced content of impure components.

Solution to the Problems

The ionic compound of the present invention which has
solved the above-mentioned problems is an ionic compound
represented by the following general formula (1), has content
of fluorine atom-containing impurities of 3 mol % or less per
100 mol % of the ionic compound:

[Chemical Formula 1]

Y
CN

wo| _he
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m

(wherein, Kt"* denotes an organic cation [Kt*]”* or an inor-
ganic cation [Kt?]™*; and m denotes an integer of 1 to 3.)
Since the ionic compound of the invention has content of
impurities containing fuluorine atom (F atom) being lowered
to an extremely low level, deterioration of the ionic com-
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pound properties derived from F atom and F atom-containing
impurity, which are originated from the starting materials, is
hardly caused.

Further, it is preferable that the ionic compound has silicon
content of 2500 ppm or lower in the ionic compound. Fur-
thermore, CN™ content is preferable to be 3000 ppm or lower;
halide ion content is preferable to be 500 ppm or lower; and
additionally water content is preferable to be 3000 ppm or
lower.

An ion-conductive material containing the above-men-
tioned ionic compound is one of the preferable embodiments
of the present invention.

A production method of the present invention is a method
for producing an ionic compound represented by the general
formula (I), which comprises a step of reacting starting mate-
rials containing a cyanide and a boron compound.

The production method of the present invention includes a
method employing the starting materials containing trimeth-
ylsilyl cyanide as the cyanide and further an amine and/or
ammonium salt; a method and; a method employing the start-
ing materials containing, as the cyanide, M“(CN), (M“
denotes any of Zn**, Ga**, Pd**, Sn**, Hg**, Rh**, Cu**, and
Pb*; and n is an integer of 1 to 3); a method employing the
starting materials containing, as the cyanide, an ammonium
cyanide type compound represented as R,NCN (wherein R
denotes H or an organic group) and; a method employing the
starting materials containing hydrogen cyanide as the cyanide
and further containing an amine compound.

According to these production method, an ionic compound
represented by the above-mentioned general formula (1) is
produced in a milder condition, or more efficiently.

It is preferable that the production method of the present
invention further comprises a step of bringing a crude prod-
uct, which was obtained by reacting the starting materials,
into contact with an oxidizing agent. Furthermore, hydrogen
peroxide is preferable as the oxidizing agent.

Effects of the Invention

According to the production method of the present inven-
tion, an ionic compound containing a tetracyanoborate ion
([B(CN),]7) can be produced in a milder condition, or more
efficiently, or less expensively than conventional methods.
Consequently, it is made possible to industrially produce the
ionic compound of the invention.

Since the ionic compound of the invention has a wide
potential window and a content of impurities lowered to an
extremely low level, even in a case of using the ionic com-
pound for various kinds of uses such as electrolyte solutions
and electrochemical devices, stable characteristics (thermal,
physical, electrochemical characteristics, etc.) can be exerted
without causing problems such as corrosion of peripheral
members.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. A drawing showing .SV measurement result of
Experiment Example 6-1.

FIG. 2. A drawing showing .SV measurement result of
Experiment Example 6-2.

MODE FOR CARRYING OUT THE INVENTION

<Jonic Compound>
The ionic compound of the invention is an ionic compound
defined by the following general formula (I) and character-

4

ized in that the content of fluorine atom-containing impurity
is 3 mol % or less per 100 mol % of the ionic compound.

5 [Chemical Formula 2]
@
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(wherein, [Kt]™ denotes an inorganic cation [Kt*]™* or an
organic cation [Kt?]"™*; and m denotes an integer of 1 to 3).

Inventors of the present invention have made investigations
on characteristics of an ionic compound such as heat resis-
tance and electrochemical characteristics to find that the
amount of impurities derived from F atoms gets significantly
engaged in deterioration of the characteristics of the ionic
20 compound and have made further investigations on an ionic
compound which hardly causes such characteristic deterio-
ration, consequently finding that if the content of F atom-
containing impurity is 3 mol % or lower per 100 mol % of the
ionic compound, the excellent characteristics of the ionic
compound containing tetracyanoborate ion as an anion can be
obtained sufficiently and the finding has now led to comple-
tion of the invention.

In the invention, the F atom-containing impurity includes
all of those which contain F atoms such as free F atoms
30 derived from the starting materials for the above-mentioned
ionic compound, BF,(CN),_, (x denotes an integer of 1 to 3)
which is produced as a byproduct at the time of synthesizing
the above-mentioned ionic compound as well as compounds
containing BF; and BF, anions, etc. It is preferable that these
impurities are not contained in the ionic compound, an aimed
compound: and especially, it is more preferable that free F
atoms and a group of compounds having B—F bonds are not
contained. Particularly, it is furthermore preferable that the
compounds having B—F bonds are not contained in the ionic
compound of the invention. Since the compounds having
B—F bonds are reacted with water in the air and decomposed,
if such compounds are contained in the ionic compound of the
invention, it may result in decrease of the heat resistance and
also it may cause a problem of corrosion of the peripheral
members by hydrogen fluoride generated at the time of
decomposition of the B—F bonds.

In the case that the ionic compound contains 3 mol % or
more of the impurity such as F atom and the above-mentioned
F atom-containing impurities, hydrogen fluoride gas may be
generated to corrode the peripheral members of various kinds
50 of electrochemical devices or, the characteristics (heat resis-
tance and electric characteristics) of the ionic compound
itself may be deteriorated attributed to these impurities.
Accordingly, the content of the F atom-containing impurity
contained in the ionic compound of the invention is more
preferable as itis less, and it is preferable to be 1 mol % or less
per 100 mol % of the ionic compound and more preferable to
be 0.1 mol % or less. It is most preferable that the F atom-
containing impurity is not contained (0 mol %) in the ionic
compound of the invention; however, if the amount of the F
atom-containing impurity is 0.0001 mol % or more, the effect
on the characteristics of the ionic compound is little and
significant deterioration of the characteristics is scarcely
observed even if it is 0.001 mol % or more.

The content of the impurities contained in the ionic com-
pound of the invention may be calculated by, for example,
NMR spectrum. Concretely, at first, ''B—NMR spectrum of
the ionic compound of the invention is measured. Next, the
value of integral of the peak of B(CN),, which is an aimed
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compound, is defined as 100 mol % and compared with the
value of integral of the peaks of impurities having B—F
bonds to calculate the content of the impurities. Further, if
'F.NMR spectrum is measured in the same manner, the
content of free F atoms and F-containing compounds can be
measured. In this connection, the calculation method of the
content of the impurities is not limited to the above-men-
tioned methods and other methods may be employed. For
example, it is also possible to quantitatively measure the ion
species containing F atoms and free F atoms by ion chroma-
tography. Therefore, the method may include a method by
determining the number of moles of the B(CN), compound
from the total weight of the ionic compound, calculating the
weight of contained F anion by ion chromatography, and
calculating the content of the impurities by conversion of the
weight into the number of moles.

The ionic compound of the invention defined by the above-
mentioned general formula (I) is a compound defined by the
above-mentioned general formula (I) and obtained by reac-
tion of trimethylsilyl cyanide (ITMSCN) and a boron com-
pound, and the ionic compound of the invention is preferable
to be a highly pure ionic compound with content of silicon
(Si) of 2500 ppm or less in the ionic compound.

Si contained in the ionic compound is derived from the
starting materials at the time of synthesizing the ionic com-
pound (reference to a production method of the invention
described later). In the case such impure components are
contained, if the compound is used for an electrolyte solution
or the like, the ion conductivity may be lowered in some
cases. Therefore, it is desirable to lower and remove the
impure components as much as possible. Consequently, the
Si content in the ionic compound is more preferably 1000
ppm or less and furthermore preferably 500 ppm or less.

Further, the high purity ionic compound of the invention is
preferable to have low content of cyanide ion (CN™) in addi-
tion to the above-mentioned Si. The content of the cyanide ion
is preferably 3000 ppm or less. The cyanide ion may possibly
lower the ion conductivity by reaction with electrodes. The
content of the cyanide ion is more preferably 1000 ppm or less
and even more preferably 500 ppm or less.

Moreover, the high purity ionic compound of the invention
is preferable to have a low content of a halide ion in addition
to the above-mentioned Si and cyanide ion. Herein, “the
content of a halide ion” means the total of the concentrations
of the respective halide ions of F~, CI7, Br~, and I". As
described above, halide ions are reacted with electrode mate-
rials and corrode the electrode materials and further, in the
case hydrogen ion exists in a system, halide ions may possibly
lower the pH of the electrolyte solution and dissolve the
electrode materials and deteriorate the capability of electro-
chemical devices in any case.

Consequently, the halide ion amount in the ionic com-
pound is more preferable as it is less and the content of the
halide ions in the ionic compound is preferably 500 ppm or
less, more preferably 100 ppm or less, and furthermore pref-
erably 30 ppm or less. Among the halide ions of F~, C17, Br,
and ™, the content of F~ and CI~ is preferably in the above-
mentioned range and the content of ClI~ is particularly pref-
erably in the above-mentioned range.

In addition to the above-mentioned ionic components, the
amount of water (water concentration) contained in the ionic
compound of the invention is preferable to be 3000 ppm or
less. Water remaining in the ionic compound is electrolyzed,
and generated hydrogen ions are bonded with the above-
mentioned halide ions to form hydrogen halides. In addition,
in an electrolyte solution, hydrogen ions and halide ions exist
while being dissociated, so that pH of the electrolyte solution
is lowered (acidic). As a result, due to the produced acidic
components in the electrolyte solution, the electrode material
is dissolved and the capability of an electrochemical device is
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lowered. Consequently, the amount of water contained in the
ionic compound is better as it is lower and it is preferably
1000 ppm or less and more preferably 500 ppm or less.

The ionic compound of the invention defined by the above-
mentioned general formula (I) has low contents of impure
ions attributed to the starting materials and impurities which
are inevitably mixed in the synthesis process. Consequently,
if the ionic compound of the invention is used as an ion
conductor of various kinds of electrochemical devices, elec-
trochemical devices with high reliability and which hardly
cause decrease of ion conductivity and corrosion of periph-
eral members can be obtained.

Additionally, any of conventionally known measurement
methods can be employed for measuring the contents of the
above-mentioned impurities such as Si, halide ions and water;
however examples of a measurement method includes meth-
ods such as atomic absorption spectrometry, ICP emission
spectrometry (high-frequency inductively-coupled plasma
emission spectrometry) and ion chromatography as described
in Examples.

As represented by the above-mentioned general formula
(D), the ionic compound of the invention is a compound com-
posed of an organic or inorganic cation [Kt]™* and tetracy-
anoborate anion [B(CN),]". The cation [Kt]™* may include
organic cations [Kt?]"* such as onium cation, and also inor-
ganic cations [Kt*]™* such as Li*, Na*, Mg**, K*, Ca**, Zn*,
Ga**, Pd**, Sn**, Hg?*, Rh**, Cu** and Pb*. Among them,
those containing onium cations or Li cation as [Kt]™* are easy
to be dissolved in an organic solvent and usable as a nonaque-
ous electrolyte solution and therefore preferable.

The above-mentioned onium cations are preferably those
defined by the following general formula (II).

[Chemical Formula 3]

(ID
®
L—R,

In the formula, L denotes C, Si, N, P, S, or O; each R may
be same or different and denotes an organic group and respec-
tive R may be bonded with each other; s denotes a number of
groups denoted by R bonded to L. and satisfies s=(valence of
L)+1-(number of double bonds directly bonded to L) and an
integer of 2 to 4. The valence of L. means 2 in the case L. is S
or O; 3 in the case L is N or P; and 4 in the case L is C or Si.

The above-mentioned “organic group” denoted by R
means a hydrogen atom, fluorine atom or a group containing
at least one carbon atom. The above-mentioned “a group
containing at least one carbon atom” may be any group as
long as the group contains at least one carbon atom and may
have other atoms such as a halogen atom and a hetero-atom
and also a substituent group. Examples of the substituent
group may include an amino group, imino group, amido
group, a group having an ether bond, a group having a thio-
ether bond, an ester group, hydroxyl group, an alkoxy group,
carboxyl group, carbamoyl group, cyano group, disulfide
group, nitro group, nitroso group, sulfonyl group, etc.

Examples of the onium cations defined by the above-men-
tioned general formula (II) may be those defined by the fol-
lowing general formulas:

[Chemical Formula 4]
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-continued
R R R
lo \/
R—P—R R—S@—R
| |
R

(wherein, each R denotes a same or different organic group
and two or more of these may be bonded with each other) and
preferably onium cations containing N, P, S or O for L, more
preferably N for L. The onium cations may be used alone, or
two or more may be used in combination. Preferable
examples among them are onium cations defined by the fol-
lowing general formulas (III) to (VI).

Examples may be at least one kind cation among 14 types
of heterocyclic onium cations defined by the following gen-
eral formulas (III):

[Chemical Formula 5]

R? R?
RY R? RY R?
7z 7
lo
XD x N
RS lel R RS N R
RG
R? R?
R? ® _R> RY Il\I R?
/ N/ = ® |
R’ N R! R® N R!
R* R’ R* R?

N N® / \Ne
R3/ \( \Rl R Il\]/ \Rl
R? R?

R} R* R} R*

N/ N/
R2 S)\ R R2 O)\ R
® ®
/R4 R’ RS
N—N / \
/4@)\ /d\
R? R! R* N R!
I 7\
R2 R} R?
R R’ R* R’
@ M
R? S R! R? o) R!
18 18
R’ RS R R’
R RS
R* @ Rl R* %/ Rl
3
R? \RZ K |
RZ

The organic groups denoted by R* to R® are same as those
exemplified in the general formula (II). More particularly, R*
to R® denote a hydrogen atom, a fluorine atom, or an organic
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group; and the organic group is preferably a straight or
branched or cyclic hydrocarbon group (excluding a group
which forms a ring by bonding groups denoted by R to R®) or
a fluorocarbon group having 1 to 18 carbon atoms; more
preferably a hydrocarbon group or a fluorocarbon group hav-
ing 1 to 8 carbon atoms, and even more preferably a hydro-
carbon group or a fluorocarbon group having 1 to 9 carbon
atoms. Further, the organic group may contain a substituent
group, a hetero atom such as nitrogen, oxygen or sulfur atom,
or a halogen atom as exemplified in the above-mentioned
general formula (II).

Examples may be at least one kind cation among 9 types of
saturated cyclic onium cations defined by the following gen-
eral formulas (IV):

[Chemical Formula 6]

RS R’ RS R’
Rﬁ}{s RS RS
® ®
R* N R® R* P R®
R3 / \ RIO R3 / \ RIO
R? R! R? R!
RS Rs RS RG
Rﬁﬁ R4 R’
®
R? S R® R} 0O R®
R | R R | ®
R! R’
R’ RS R7 RS
RS R? RS R®
RS RIO RS RIO
R4 ® R!! R4 ® RrU
R3 /N\ R2 R3 /P\ R12
R? R! R? R!
RS R7 RS R7
R’ RS R? R®
R* R® R* R®
R3 ® RIO R3 ® RIO
RZ ? Rll RZ (l) Rll
R! R!
RS R’
0
RS R®
R* ® R’
N
R /\ Rl0
R? R!

In the above-mentioned general formula, the organic
groups denoted by R* to R'? are same or different and may be
bonded with one another.

Examples may be a aliphatic onium cation defined by the
following general formulas (V) in which the groups denoted
by R! to R* are same or different organic groups;

[Chemical Formula 7]

Rl
®

—N
RV N

R3

Examples of the above-mentioned aliphatic onium cations
(V) may be quaternary ammoniums such as tetramethylam-
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monium, tetracthylammonium, tetrapropylammonium, tet-
rabutylammonium, tetraheptylammonium, tetrahexylammo-
nium, tetraoctylammonium, triethylmethylammonium,
methoxyethyldiethylmethylammonium, trimethylphenylam-
monium, benzyltrimethylammonium, benzyltributylammo-
nium, benzyltriethylammonium, dimethyldistearylammo-
nium, diallyldimethylammonium,
2-methoxyethoxymethyltrimethylammonium, and tetrakis
(pentafluoroethyl)ammonium; tertiary ammoniums such as
trimethylammonium, triethylammonium, diethylmethylam-
monium, dimethylethylammonium, and dibutylmethylam-
monium; secondary ammoniums such as dimethylammo-
nium, diethylammonium, and dibutylammonium; primary
ammoniums such as methylammonium, ethylammonium,
butylammonium, hexylammonium, and octylammonium;
and ammonium compounds such as N-methoxytrimethylam-
monium, N-ethoxytrimethylammonium, N-propoxytrim-
ethylammonium, and NH,,.

Among the onium cations of the above-mentioned (III) to
(V), nitrogen atom-containing onium cations are preferable;
quaternary ammoniums and imidazoliums are more prefer-
able; and at least one kind among 5 kinds of onium cations
defined by the following general formulas:

[Chemical Formula 8]

R4 RS Rs R7
R! > < R> R®
® ®
N N N
7 Sp2 7 8 R 4 % 9
R R3 /\ R
R2 R? R!
R’ R®
RS R® RS R’
e}
RS RIO RS RS
R4 ® Rl R4 ® R®
N N
R3 /\ R2 R3 /\ R0
R? R! R R!

(wherein R* to R'? are same as defined above) is particularly
preferable.

Particularly preferable examples among the above exem-
plified ammoniums are alkyl quaternary ammoniums such as
tetracthylammonium, tetrabutylammonium, and triethylm-
ethylammonium; alkyl tertiary ammonium such as triethy-
lammonium, dibutylmethylammonium, and dimethylethy-
lammonium;  imidazoliums  such  as 1-ethyl-3-
methylimidazolium and 1,2,3-trimethylimidazolium; and
pyrrolidiniums such as N,N-dimethylpyrrolidinium and
N-ethyl-N-methylpyrrolidinium since they are easily made
available.

The ionic compound of the invention has excellent physi-
cal properties such as heat resistance, electric conductivity,
and withstand voltage. In addition, these physical values dif-
fer more or less depending on the type of the cation Kt™*
composing the ionic compound; however the ionic compound
of the invention indicates withstand voltage of +2.0 V or
higher by measurement of potential window described later.
<Method for Producing Ionic Compound>

Next, a method for producing an ionic compound of the
invention will be described.

The method for producing an ionic compound of the inven-
tionis characterized in that the ionic compound defined by the
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above-mentioned general formula (I) is produced by reaction
of starting materials including a cyanide and a boron com-
pound.

That is, the method for producing an ionic compound of the
invention includes a first production method for obtaining the
ionic compound defined by the above-mentioned general for-
mula (I) by reaction of a specified cyanide M*(CN),, and a
boron compound; a second production method involving
reaction of an ammonium cyanide type compound and a
boron compound; a third production method involving reac-
tion of trimethylsilyl cyanide (TMSCN), an amine and/or
ammonium salt, and a boron compound; and a fourth produc-
tion method involving reaction of hydrogen cyanide (HCN),
an amine, and a boron compound. According to these produc-
tion methods of the invention, an ionic compound containing
tetracyanoborate can be obtained in a milder condition, or
more efficiently, or less expensively than conventional meth-
ods. Hereinafter, these production methods will be described
sequentially.

[First Production Method]

The method for producing an ionic compound of the inven-
tion is a method for producing an ionic compound containing
tetracyanoborate ion and defined by the following general
formula (I) and is characterized in that the method involves
reaction of starting materials containing M“(CN), (M*
denotes Zn**, Ga>*, Pd**, Sn**, Hg**, Rh**, Cu**, or Pb*; and
n is an integer of 1 to 3), and a boron compound.

[Chemical Formula 9]

@

m

(wherein, [Kt]™* denotes an organic cation [Kt”]”* or an
inorganic cation [Kt*]™*; and m denotes an integer of 1 to 3).

To obtain the ionic compound containing tetracyanoborate
ion, the inventors of the invention have found that use of a
cyanide compound M?(CN),, containing specified metal ion
(any one of Zn**, Ga>*, Pd**, Sn**, Hg**, Rh**, Cu*", and
Pb*) in place of an alkali metal cyanide such as potassium
cyanide (KCN), which has been used conventionally as a
starting material, makes it possible to stably obtain a com-
pound defined by the above-mentioned general formula (I) in
mild reaction condition.

As the cyanide compound M#CN),, of the invention, a
cyanide compound of metal cation which is classified in metal
cation with low energy levels between HOMO-2nd HOMO,
that is, soft metal cations based on the HSAB rule, may be
employed. It is because use of a cyanide compound with the
above specified metal cation promotes the reaction quickly as
compared with the case of using an alkali metal cyanide
compound. The reason for that the above-mentioned metal
cation is preferable is not made clear; however the inventors
of the invention suppose as follows.

In general, based on the HSAB rule, alkali metal ions are
classified in hard cations, and the specified metal contained in
the cyanide compound on the invention is classified in soft
cations. On the other hand, the tetracyanoborate anion (TCB),
which is a product, is classified in soft anions. It is therefore
supposed that since a combination of a soft acid and a soft
base tends to form a stable ionic compound, the reaction of the
cyanide compound in the invention tends to be promoted
easily rather than that using a conventionally employed alkali
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metal cyanide of a hard cation such as Li*, Na*, and K*.
Further, use of cyanides of these metals of the invention as
starting materials makes it possible to obtain B(CN), com-
pound with few content of impurities at a high yield.
<Cyanide>

Among the above-mentioned cyanide M“(CN),,, preferable
examples include at least one selected from a group consist-
ing of Zn(CN),, Ga(CN);, Pd(CN),, Sn(CN),, Hg(CN),, and
Cu(CN),.
<Boron Compound>

The above-mentioned boron compound is not particularly
limited as long as it contains boron. Preferable to be used is at
least one selected from a group consisting of, for example,
MBX¢, (M¢ denotes a hydrogen atom or an alkali metal
atom; X denotes a hydrogen atom, a hydroxyl group, or a
halogen atom; hereinafter the same); BX¢,, BX“,-complex,
B(OR'®); (R*? denotes a hydrogen atom or an alkyl group;
hereinafter the same), B(OR'?),-complex, Na,B,0,, ZnO
B,0;, and NaBO,.

Examples of M“BX“, are HBF,, KBF,, KBBr,, NaB
(OH),, KB(OH),, LiB(OH),, LiBF,, NaBH,, etc.; examples
of BX % are BH;, B(OH),, BF;, BCl;, BBr;, B, etc.;
examples of BX°;-complex are complexes of the above-men-
tioned BX*; with ethers such as diethyl ether, tripropyl ether,
tributyl ether, and tetrahydrofuran and amines such as ammo-
nia, methylamine, ethylamine, butylamine, hexylamine,
octylamine, dimethylamine, diethylamine, dibutylamine,
dihexylamine, dicyclohexylamine, trimethylamine, triethy-
lamine, tributylamine, triphenylamine, guanidine, aniline,
morpholine, pyrrolidine and methylpyrrolidine; examples of
B(OR'?); are boric acid, boron compounds having an alkoxy
group of 1 to 10 carbon atoms, etc. Preferable compounds
among these compounds are NaBH,,, BH,, BF;, BCl;, BBr,
B(OMe);, B(OEt);, Na,B,0,, and B(OH); which have rela-
tively high reactivity; more preferable compounds are BF;,
BCl;, BBr;, ete., BX¢; in which X¢ is a halogen atom, and
B(OR'?), having an alkoxy group of 1 to 4 carbon atoms such
as B(OMe), and B(OEt);; and even more preferable com-
pounds are BCl;, B(OMe),, and B(OEt),. The above-men-
tioned boron compounds may be used alone and two or more
of'them may be used in combination. In terms of decrease of
the impurity amount derived from F, use of a compound
containing no F atom among these boron compounds is rec-
ommended.

In the first production method, at the time of reacting the
above-mentioned cyanide M“(CN),, with a boron compound,
furthermore it is preferable to use an ionic substance defined
by the general formula: KtX? ([Kt]”™* is a cation with m
valence; [X?]™" is an anion with m valence; and m is an
integer of 1 to 3; and hereinafter, the same) as a starting
material.

Examples of the cation [Kt]”* composing the above-men-
tioned ionic substance KtX? include organic cations [Kt?]™*
such as onium cations and inorganic cations [Kt*]™* such as
Li+, Na+, Ca2+’ K+, Zn2+, Ga3+, Pd2+, Sn2+, Hg2+, ha+, Cu2+,
and Pb*. Among these, onium cations defined by the above-
mentioned general formulas (I1T) to (V) are particularly pref-
erable as [Kt?]™* composing the ionic substance in the inven-
tion. When an ionic substance Kt”X? having an onium cation
as [Kt]™" is used for the starting material, it brings advanta-
geous consequence that an onium salt of [B(CN),]™ which is
an desired product can be obtained by one step reaction and
also cyanidation reaction is easily caused owing to mutual
action between M“(CN), and the ionic substance Kt’X?.

The mixing ratio of the above-mentioned starting materials
is adjusted to be preferably 1:1 to 100:1 (cyanide M*(CN),,:
boron compound, mol ratio). It is more preferably 1:1 to 50:1;

]m+
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furthermore preferably 1:1 to 20:1; and even more preferably
1:1 to 10:1. If the mixing amount of the cyanide M*(CN),, is
too low, the production amount of the aimed ionic compound
may possibly be low or byproducts (e.g. tricyanoborate, dicy-
anoborate, etc.) may be produced. On the other hand, if the
mixing amount of the cyanide M*(CN),, is too high, the
amount of impurities derived from CN is increased and it
tends to be difficult to refine the desired product.

In the case the ionic substance KtX” is contained in the
above-mentioned starting materials, the mixing ratio of the
ionic substance to the boron compound is preferably to be
100:1 to 1:100 (ionic substance: boron compound, mol ratio).
It is more preferably 50:1 to 1:50 and furthermore preferably
20:1 to 1:20. In the case the mixing amount of the ionic
substance is too low, the production amount of the aimed
ionic compound may possibly be low and on the other hand,
if the mixing amount of the ionic substance is too high, the
amount of impurities derived from the ionic substance is
increased and it sometimes tends to be difficult to refine the
desired product.

To evenly promote the reaction in the method for producing
an ionic compound of the invention, it is preferable to use a
reaction solvent. The reaction solvent is not particularly lim-
ited as long as it can dissolve the above-mentioned starting
materials, and water or an organic solvent may be used as the
reaction solvent. Examples of the organic solvent include
hydrocarbon such as toluene, xylene, benzene, and hexane;
chloride such as chloroform and dichloromethane; ether such
as diethyl ether, cyclohexyl methyl ether, dibutyl ether,
dimethoxyethane, and dioxane; ester such as ethyl acetate and
butyl acetate; ketone such as 2-butanone and methyl isobutyl
ketone; alcohol such as methanol, ethanol, 2-propanol, and
butanol; acetonitrile, tetrahydrofuran, y-butyrolactone, dim-
ethyl sulfoxide, dimethylformamide, etc. The above-men-
tioned reaction solvents may be used alone or two or more of
them may be used in form of a mixture.

The condition at the time of reacting the starting materials
is not particularly limited and may be properly adjusted in
accordance with the advancing state of the reaction; however,
for example, the reaction temperature is adjusted to be pref-
erably 0° C.to 200° C. It is more preferably 20° C. to 150° C.
and even more preferably 50° C. to 130° C. The reaction time
is adjusted to be preferably 0.2 hours to 200 hours, more
preferably 0.5 hours to 150 hours, and even more preferably
1 hour to 100 hours.

In the first production method, in the case the above-men-
tioned metal cyanide and boron compound are used as the
starting materials, an ionic compound defined by the general
formula: Kt*[B(CN),],,, ([Kt“]™* is the metal cation [M*]"* of
the cyanide) is produced. Further, as described above, in the
case the starting materials include the ionic substance KtX”
([Kt]™* is the onium cation [Kt?]™ or the inorganic cation
[Kt*]™) or the produced ionic compound Kt*[B(CN),],,
([Kt*]™* is the metal cation [M“]"* of the cyanide) is cation-
exchanged by reaction with the ionic substance KtX?, an
ionic compound Kt[B(CN),],, having a desired onium cation
or inorganic cation can be obtained. The above-mentioned
cation exchange reaction with the ionic substance will be
described later.

Accordingly, the first production method of the invention
includes three embodiments: an embodiment of producing
the ionic compound Kt*[B(CN),],, of the invention ([Kt*]™*
the metal cation [M*]"* of the cyanide) by reaction of the
above-mentioned cyanide M?(CN),, and boron compound; an
embodiment of producing the ionic compound Kt[B(CN),],,
of the invention ([Kt]™* is onium cation [Kt*]™* or the inor-
ganic cation [Kt°]"*) by obtaining Kt*[B(CN),],, by reaction
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of the above-mentioned metal cyanide M“(CN),, and a boron
compound and thereafter cation-exchange reaction of the
obtained compound with an ionic substance KtX®: and an
embodiment of producing the ionic compound Kt[B(CN),],,
of the invention ([Kt]™* is onium cation [Kt*]™* or the inor-
ganic cation [Kt#]™") by one-step reaction of the above-men-
tioned metal cyanide M*(CN),,, a boron compound, and an
ionic substance KtX°. Accordingly, the ionic compound Kt"*
[{B(CN),}"1,, of the invention obtained by the first produc-
tion method includes both cases, that is, [Kt]”* is an onium
cation [Kt?]* and [Kt]™* is an inorganic cation [Kt*]™*.

According to the first production method of the invention
using the above-mentioned cyanide M“(CN), as a CN
reagent, an ionic compound having tetracyanoborate ion ([B
(CN),]7) can be obtained even in a reaction condition in
which it is impossible to stably obtain an aimed compound by
using an alkali metal cyanide (KCN).

[Second Production Method]

Next, the second production method will be described. The
second method for producing an ionic compound of the
invention is characterized in that an ionic compound defined
by the following general formula (I) is obtained by reaction of
an ammonium cyanide type compound defined by the follow-
ing general formula (VI) and a boron compound.

[Chemical Formula 10]
VD
[3—610,] (NP

(wherein, the bond between N—R is a saturated bond and/or
an unsaturated bond; t denotes the number of groups R
bonded to N, satisfies t=4—(number of double bonds bonded
to N), and is an integer of 3 to 4; respective R independently
denote a hydrogen atom or an organic group and two or more
of them may be bonded).

[Chemical Formula 11]

@
TN
@ (]
R Ne PN o
NC .

(wherein, [Kt]™ denotes an organic cation [Kt?]”* or an
inorganic cation [Kt#]™"; and m denotes an integer of 1 to 3).
In order to synthesize the ionic compound containing tet-
racyanoborate ion, the inventors have found that use of an
ammonium cyanide type compound in place of an alkali
metal cyanide such as potassium cyanide which has been used
conventionally as a cyanide (CN) source makes it possible to
obtain an ionic compound defined by the above-mentioned
general formula (1) efficiently at a lower reaction temperature.
The inventors of the invention suppose the reason for that
the reaction is promoted in the milder condition than that in a
conventional method by using the ammonium cyanide type
compound as a cyanide source and the product is obtained
more efficiently is as follows. With respect to an alkali metal
cyanide, the bond between the alkali metal ion and cyano
group (CN) is strong. On the other hand, with respect to an
ammonium type cyanide, since the N atom bearing positive
charge has steric hindrance, the cyanide ion is hard to
approach to the N atom and thus the bond between CN and N
atom is relatively weak. In this connection, in the reaction of
producing a tetracyanoborate, it is supposed that if free cya-
nide ion in the reaction system is generated, the bond with the
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boron compound tends to be formed easily and as a result, the
desired TCB is efficiently produced. Consequently, in the
production method of the invention using the ammonium type
cyanide having a weak N—CN bond, it is supposed that the
cyanide ion can be released quickly even in mild reaction
condition and reaction is promoted to produce TCB.

Consequently, the organic cation [Kt]™* composing the
ionic compound Kt[B(CN),],, obtained by the second pro-
duction method of the invention includes those derived from
the cations contained in ammonium cyanide type com-
pounds; those derived from cations contained in boron com-
pounds; and also those derived from cations contained in
ionic substances to be employed for cation exchange reaction
described later.
<Ammonium Cyanide Type Compound>

At first, an ammonium cyanide type compound defined by
the above-mentioned general formula (V1) will be described.

In the second production method, an ammonium cyanide
type compound [N—(R),]JCN is used as a starting material.
Use of the ammonium cyanide type compound, as a CN
source for TCB synthesis reaction, makes it possible to obtain
an ionic compound containing tetracyanoborate [B(CN),]~
even in reaction condition in which the desired compound
cannot be obtained in the case an alkali metal cyanide is used
as a starting material.

In the ammonium [N*"—(R),] composing the ammonium
cyanide type compound defined by the above-mentioned gen-
eral formula (VI), the N—R bond is a saturated bond and/or
an unsaturated bond; t denotes the number of groups R
bonded to N, satisfies t=4-(number of double bonds bonded to
N), and is an integer of 3 to 4; respective R independently
denote a hydrogen atom or an organic group and two or more
of them may be bonded.

Additionally, the above-mentioned “organic group” may
be same as those exemplified in the above-mentioned general
formula (II).

Further, R may be bonded with N, which is the center
element of ammonium, through a carbon atom composing the
main structure of the organic group R and also may be bonded
with N through another atom other than carbon or the above-
mentioned substituent group. Moreover, in the case two or
more organic groups R are bonded, the bonds may be a bond
between a carbon atom composing the main structure of the
organic groups R and other atom, also a bond between the
carbon atom and a substituent group contained in the organic
group R, and further a bond between substituent groups
which are contained in two or more organic groups R respec-
tively.

Preferable examples of the ammonium [N*—(R),] having
the above-mentioned organic group R are those having the
structure defined by the following general formula (VII) to
IX).

(VID) That is, nine kinds of ammonium-type derivatives
defined by the following general formula in which t=3 and
two R among three R form a ring structure;

[Chemical Formula 12]

(VII-1)

R3
R% R?
/
E)
R® N R!
1

Pyridinium derivative



15
-continued
R3
R? R?
S
lo
N
N T

Pyridazinium derivative

Pyrimidinium derivative

R3
Il\I R?
L
A

N R!

Pyradinium derivative

R4
RS

R} R>
N, N®
R Y ~ R!
RZ
limidazolium derivative

RS R6

®
N

N
R3/ Y \Rl
R2

Imidazolinium derivative

R R’
e
e N/ Y
I

R2

Pyrazolium derivative

Triazolinium derivative
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-continued
(VII-2)
RS R’
R3 RS
5
R* ®z
N R!
R3 |
RZ
10 Pyrrolinium derivative
(VIL-3)

(VII-9)

(VIID) Four kinds of ammonium-type derivatives defined
by the following general formula in which t=4 and two R

15 among four R form a ring structure;

[Chemical Formula 13]

20
RS R’
(VII-4) RS RS
R} % R®
25 R /\ R
R? R!
Pyrrolidinium derivative
30 ; s
(VIL5) R R
35
N
R /\ RI2
R? R!
Piperidinium derivative
(VII-6) 40
RS R’
O
R R®
R* ® R’
45 N
R* /\ RI10
R? R!
Morpholinium derivative
(VIL-7)
50
RS RS
®
s R? N R!
/\
R} R?
Pyrrolidinium derivative
(VIL-8)
60

(VIIL-1)

(VIII-2)

(VIIL-3)

(VIII-4)

Inthe above-mentioned derivatives represented by the gen-

eral formulas (VII) to (VIII), R* to R'? independently denote
ahydrogen atom or an organic group and two or more R may

be bonded; and

65  (IX) Alkylammonium derivatives defined by the following
general formula in which t=4 and four R are not bonded to one

another;
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[Chemical Formula 14]

Ix)
Rl

|
R4 //Ng

Rr3

RZ
Alkylammonium derivative

R to R* composing the above-mentioned alkylammonium
derivatives independently denote a hydrogen atom or an
organic group.

Examples of the alkylammonium derivatives defined as
(IV) include ammoniums and ammonium compounds exem-
plified as the above-mentioned aliphatic onium cations (V).

Preferable examples among the ammoniums defined as
(VID) to (IX) are those having the structure defined by the
following six types of general formulas.

[Chemical Formula 15]

(VIL-5)
R R®

N N®
e e Y ~ R!
RZ
limidazolium derivative

(VIL-6)
R> RS

N N®
e -~ \( ~ R
RZ
Imidazolinium derivative

R R’
R> RS
R* % R®
R3 /\

RIO
Rl

(VIII-1)

Rr2

Pyrrolidinium derivative

(VIII-2)
R’ RS

RS R®
RS RIO
R4 Rll
RIZ
1

®
I "N
R /\
R? R

Piperidinium derivative
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-continued
(VIIL-3)

/\

RS R’
O

RS R®
R* ® R’

R3 N RI0

R? R!
Morpholinium derivative
ax
R!

2
/ R2

R3

R4

Alkylammonium derivative

(wherein, R to R'? denote as described above).

In the above-mentioned general formulas, R' to R' denote
a hydrogen atom, a fluorine atom, or an organic group; and
examples of the organic group are same as those exemplified
for the above-mentioned general formula (III).

Particularly preferable examples among the above-exem-
plified ammonium-containing ammonium cyanides, salts of
alkyl quaternary ammoniums and cyanide ion such as tetrabu-
tylammonium cyanide, tetracthylammonium cyanide, and
triethylmethylammonium cyanide; salts of alkyl tertiary
ammonium and cyanide ion such as triethylammonium cya-
nide, dibutylmethylammonium cyanide, and dimethylethy-
lammonium cyanide; salts of imidazolium and cyanide ion
such as 1-ethyl-3-ethylimidazolium cyanide and 1,2,3-trim-
ethylimidazolium cyanide; and salts of pyrrolidinium and
cyanide ion such as N,N-dimethylpyrrolidinium cyanide and
N-ethyl-N-methylpyrrolidinium cyanide, since these salts are
easily made available.

The ammonium cyanide may be an ammonium cyanide
containing a single ammonium, or the ammonium cyanide
containing two or more different kinds of ammonium may be
used in form of a mixture.

The ammonium cyanide can be synthesized by reaction of
acompound defined by the following general formula (X) and
a metal cyanide LZ*[(CN)~] (I”* denotes a metal cation; p is
1 to 4 or preferably 1 or 2).

[Chemical Formula 16]

N-R)Y 9]

(wherein [N—(R),] denotes same as defined by the general
formula (VI); Y denotes a halide ion, BF,~, PF4~, SO,
HSO,, Cl0,~,NO,~, or R**0~ (R'? denotes a hydrogen atom
or an organic group); | denotes 1 or 2; and additionally, R*? is
same as R! to R'?).

In the above-mentioned general formula (X), [N*—(R),|
corresponds with the ammonium cation of the above-men-
tioned ammonium cyanide, and concrete examples of [N*—
(R),] include tetrabutylammonium, triethylmethylammo-
nium, tetraethylammonium, triethylammonium,
dibutylammonium, dimethylammonium, 1-ethyl-3-meth-
ylimidazolium, N,N-dimethylpyrrolidinium, N,N-methylbu-
tylpyrrolidinium, ammonium (NH,*), morpholium, etc. Con-
cretely, preferable examples of the compounds (X) include
tetrabutylammonium sulfoxide, tetracthylammonium chlo-
ride, triethylammonium chloride, 1-ethyl-3-methylimidazo-
lium bromide, etc.

In the above-mentioned metal cyanide I7*[(CN)7],, L#*
denotes an alkali metal ion, an alkaline earth metal ion, Zn>™,
Cu*, Cu?, Pd**, Au*, Ag®*, AI**, Ti**, Fe**, Ga®™, etc., and
more preferably an alkali metal ion, an alkaline earth metal
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ion, Zn**, Cu*, Cu**, and Ag**. Concrete examples of the
metal cyanide include KCN, LiCN, NaCN, Mg(CN),,
Ca(CN),, Zn(CN),, CuCN, Cu(CN),, etc.

The mixing ratio of the above-mentioned compound (X)
and the metal cyanide is adjusted to be preferably 40:1 to 1:40
(compound (X):metal cyanide, mol ratio), more preferably
20:1 to 1:20, and even more preferably 10:1 to 1:10.

The condition at the time of the above-mentioned reaction
is not particularly limited and for example, the reaction tem-
perature is adjusted to be preferably 0° C. to 150° C. and more
preferably 20° C. to 100° C. and reaction time is adjusted to be
preferably 0.01 hours to 20 hours and more preferably 0.05
hours to 5 hours. Further, a reaction solvent may be used or
may not be used; preferable examples of the reaction solvent
are diethyl ether, dibutyl ether, tetrahydrofuran, dioxane,
dichloromethane, chloroform, carbon tetrachloride, ethyl
acetate, butyl acetate, acetone, 2-butanone, methyl isobutyl
ketone, acetonitrile, benzonitrile, dimethoxyethane, and
water. These reaction solvents may be used alone or two or
more of them may be used in combination. Additionally, use
of two or more kinds of the reaction solvents is one of pref-
erable conditions of the above-mentioned reaction.
<Boron Compound>

In the second production method of the invention, the ionic
compound defined by the above-mentioned general formula
(D is synthesized by reaction of starting materials containing
the above-mentioned ammonium cyanide and boron com-
pound. As the boron compound, it is not particularly limited
as long as the compound contains boron and those same as
exemplified in the first production method can be employed.

The mixing ratio of the above-mentioned starting materials
is adjusted to be preferably 50:1 to 4:1 (ammonium cyanide:
boron compound, mol ratio). It is more preferably 20:1 to 4:1
and even more preferably 10:1 to 4:1. If the mixing amount of
the ammonium cyanide is too low, the production amount of
the desired ionic compound may possibly be low or byprod-
ucts (e.g. tricyanoborate, dicyanoborate, etc.) may be pro-
duced in some cases. On the other hand, if the mixing amount
of the ammonium cyanide is too high, the amount of impuri-
ties derived from CN is increased and it tends to be difficult to
refine the desired product.

In the method for producing an ionic compound of the
invention, to evenly promote the reaction, it is preferable to
use a reaction solvent. The reaction solvent is not particularly
limited as long as it can dissolve the above-mentioned starting
materials, and water or an organic solvent may be used as the
reaction solvent. The organic solvent may be same as those
exemplified in the first production method. Particularly, pret-
erable solvents are hydrocarbon, ether, and ester. The above-
mentioned reaction solvents may be used alone or two or
more of them may be used in form of a mixture.

The condition at the time of reacting the starting materials
is not particularly limited and may be properly adjusted in
accordance with the advancing state of the reaction; for
example, the reaction temperature is adjusted to be preferably
30° C. to 200° C. It is more preferably 50° C. to 170° C. and
even more preferably 80° C. to 150° C. The reaction time is
adjusted to be preferably 0.2 hours to 200 hours, more pref-
erably 0.5 hours to 150 hours, and even more preferably 1
hour to 100 hours.

According to the second production method of the inven-
tion in which the above-mentioned ammonium cyanide is
used as a CN source, an ionic compound having tetracy-
anoborate ion ([B(CN),]7) is obtained even in reaction con-
dition of 200° C. or lower at which the desired product cannot
be obtained if an alkali metal cyanide is used.
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[Third Production Method]

The third method for producing an ionic compound of the
invention is characterized in that an ionic compound defined
by the following general formula (I) is obtained by reaction of
trimethylsilyl cyanide (TMSCN), an amine and‘\or an ammo-
nium salt, and a boron compound.

[Chemical Formula 17]

08)
TN
(€]
NC //B\
NC

Kt’”®
CN

(wherein, [Kt]™* denotes an organic cation [Kt?]™* or an
inorganic cation [Kt*]”*; and m denotes an integer of 1 to 3).
In synthesis of the ionic compound having tetracyanobo-
rate ion, the inventors of the invention have found that the
ionic compound defined by the above-mentioned general for-
mula (I) can be obtained at a high efficiency by using trim-
ethylsilyl cyanide as a cyanide (CN) source in place of an
alkali metal cyanide such as potassium cyanide, which is used
conventionally, and carrying out reaction with a boron com-
pound in presence of an amine and/or ammonium salt.

The inventors of the invention suppose the reason for that
the product is obtained by reaction of trimethylsilyl cyanide
and a boron compound under the presence of an amine and/or
ammonium salt at a higher yield than that by a conventional
method is as follows.

In the reaction for producing the tetracyanoborate, it is
assumed that a compound, which generates free cyanide ion
in the reaction system, is easy to form a bond with the boron
compound and easy to produce the desired TCB. Therefore,
the inventors investigate the bonding state between cyanide
ion and alkali metal ion or trimethylsilane. An alkali metal
cyanide has no bulky substituent group which hind the bond
between the alkali metal ion and cyano group (CN). Thus it is
supposed that a strong bond is formed. On the other hand, in
trimethylsilyl cyanide, methyl groups are bonded to cationic
Siatom and the methyl groups create steric hindrance, so that
cyanide ion is hard to approach to the Si atom, and thus the
bond between CN and Si atom is supposed to be relatively
weak. Consequently, in the production method of the inven-
tion using trimethylsilyl cyanide having a weak Si—CN
bond, it is supposed that the cyanide ion is released quickly
and reacted to give TCB.

The ionic compound composed of trimethylsilyl cation and
TCB is extremely instable and easy to be decomposed. How-
ever, in the invention, it is supposed that since trimethylsilyl
cation is quickly replaced with ammonium cation, the TCB-
containing ionic compound is obtained stably. Further,
although a detailed reason is unclear, in the case of using an
amine, it is supposed that the amine catches protons generated
from the starting materials and intermediate products, and
produces an ammonium compound by the reaction. As a
result, it is assumed that a stable TCB-containing ionic com-
pound is obtained in the same manner as that in the case of
using an ammonium salt. Because of these reasons, it is
supposed that the TCB production reaction is quickly pro-
moted to produce the ionic compound by carrying out the
above-mentioned reaction in presence of an amine and/or
ammonium salt. In addition, in the production method of the
invention, since the reaction is carried out in presence of an
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amine and/or ammonium salt, there is an advantage that an
ionic compound having ammonium as a cation is obtained in
one step.

<Trimethylsilyl Cyanide>

At first, trimethylsilyl cyanide as a starting material will be
described.

In the third production method, trimethylsilyl cyanide is
used as a starting material. Use of trimethylsilyl cyanide
as a CN source for TCB synthesis reaction makes it possible
to obtain the ionic compound having tetracyanoborate
[B(CN),]™ even in a reaction condition in which it is difficult
to obtain a desired compound in a case of using an alkali metal
cyanide as a starting material.

Trimethylsilyl cyanide to be used may be commercialized
ones and also those synthesized by conventional method. A
method for synthesizing TMSCN is not particularly limited;
however, for example, a method using starting materials con-
taining a compound having a trimethylsilyl group (TMS
group) and hydrogen cyanide (HCN) is preferable, since the
method can synthesizes TMSCN more economically.

Examples of the compound containing a TMS group may
be TMSX! (X' is OR, a halogen atom, or hydroxyl group),
hexamethyldisilazane (TMS—NH-TMS), etc. Concretely, a
method for reacting TMSX' (X! is a halogen atom) with
hydrogen cyanide in presence of an amine such as triethy-
lamine (reference to the following reaction formula (XI-1);
Stec, W. J., et al., Synthesis. 1978:154.) and a method for
reacting hexamethyldisilazane with hydrogen cyanide (refer-
ence to the following reaction formula (XI-2)) can be
employed.

TMSX!'+HCN+Et;N—TMSCN+Et; NHX (XI-1)

TMS-NH-TMS+2HCN—=2TMSCN+NH; (XI-2)

Further, since the above-mentioned hexamethyldisilazane
can work as an amine, hexamethyldisilazane and a compound
having trimethylsilyl group may be used simultaneously (ref-
erence to the following reaction formula (XI-3)). Conse-
quently, ammonia produced as a byproduct is trapped in the
system and a problem of odor can be suppressed and there-
fore, it is preferable.

TMSX ' +[TMS-NH-TMS]+3HCN—3TMSCN+

NH,X! (XI-3)

The mixing ratio of the raw materials is adjusted to be
preferably 20:1 to 1:20 (mol ratio), more preferably 10:1 to
1:10, and even more preferably 5:1 to 1:5 of trimethylsilyl
group and hydrogen cyanide (HCN). That is, in the case
hexamethyldisilazane is used, or hexamethyldisilazane and a
trimethylsilyl group-containing compound are used in com-
bination, the total amount of trimethylsilyl groups contained
in the raw materials and the addition amount of hydrogen
cyanide are controlled to be within the above-mentioned
range. The reaction temperature is preferably -20° C. to 100°
C. and more preferably 0° C. to 50° C., and the reaction time
is preferably 0.5 hours to 100 hours and more preferably 1
hour to 50 hours.

Additionally, in the third production method, a trimethyl-
silyl group-containing compound is produced as a byproduct
(e.g. TMSX', TMS-O-TMS, etc.; reference to the following
expression).

4TMSCN+BX?,+R ,NX3—R N[TCB]+3TMSX>+

TMSX? (XI-4)

(X? and X> denote OR, a halogen atom, or hydroxyl group).

Therefore, in the third production method, TMSCN regen-
erated by reaction of the trimethylsilyl group-containing
compound TMSX* produced as a byproduct with HCN may
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be utilized as a starting material. Because TMSCN is expen-
sive and the production cost of the ionic compound can be
suppressed by recycling of TMSX!, which is a byproduct.
<Boron Compound>

In the third production method of the invention, the ionic
compound defined by the above-mentioned general formula
(D) is synthesized by reacting starting materials containing the
above-mentioned TMSCN, amine and/or ammonium salt,
and boron compound. The above-mentioned boron com-
pound is not particularly limited as long as it is a boron-
containing compound and those same as exemplified in the
first production method can be used.

The mixing ratio of the above-mentioned starting materials
is preferably 3:1 to 80:1 (TMSCN:boron compound, mol
ratio). It is more preferably 4:1 to 40:1 and even more pref-
erably 4:1 to 20:1. If the mixing amount of TMSCN is too low
the production amount of the desired ionic compound may
possibly be low or byproducts (e.g. tricyanoborate, dicy-
anoborate, etc.) may be produced in some cases. On the other
hand, if the mixing amount of TMSCN is too high, the amount
of impurities derived from CN is increased and it tends to be
difficult to refine the desired product.
<Amine and/or Ammonium Salt>

In the invention, the above-mentioned reaction of TMSCN
and the boron compound is carried out in presence of an
amine and/or ammonium salt. The amine becomes an ammo-
nium salt in the reaction system, and the produced ammonium
salt is exchanged with trimethylsilyl cation of a TCB com-
pound comprising trimethylsilyl as a cation, which is pro-
duced separately in the reaction system, to obtain a stable
ionic compound containing TCB at a high yield. Further,
since an amine and/or ammonium salt is used, an ionic com-
pound containing ammonium as a cation component can be
obtained in one step without carrying out cation exchange
reaction.

Amines usable in the invention are preferably amines
defined by the following general formula (XII).

[Chemical Formula 18]

N-CR),

In the general formula (XII), the bond between N—R is a
saturated bond and/or unsaturated bond; u denotes the num-
ber of groups R bonded to N, satisfies u=3-(number of double
bonds bonded to N), and is 2 or 3; respective R independently
denote a hydrogen atom, a fluorine atom or an organic group
and two or more R may be bonded to form a ring. Addition-
ally, examples of the above-mentioned “organic group” may
be same as those exemplified in the above-mentioned general
formula (II).

Examples of the amine defined by the above-mentioned
general formula (XII) include amine compounds (XIII) and
(XIV) which have a saturated or unsaturated cyclic structure
in which two or more R are bonded, and an amine compound
(XV) in which R are aliphatic.

(XIIT) Amine compounds having a saturated or unsaturated
cyclic structure defined by the above-mentioned general for-
mula (XII) in which u is 3 and two or more R are bonded;

(XI1)

[Chemical Formula 19]

(XITL-1)
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-continued
(XII1-2)
N
Z0N
R | Or!
~N re
RZ
(XII1-3)
Rl
Rs‘N\Rz

In the general formulas (XIII-1) to (XIII-3), R* to R denote
a hydrogen atom, a fluorine atom, or an organic group; and
examples of the organic group are same as those exemplified
for the above-mentioned general formula (III).

Concrete examples of compound defined by the above-
mentioned general formulas (XIII-1) to (XIII-3) include com-
pounds defined by the general formula (XIII-1) such as pyr-
role, pyrrolidine, piperidine and morpholine; compounds
defined by the general formula (XIII-2) such as 1,4-diazabi-
cyclo[2.2.2]octane (DABCO); compounds defined by the
general formula (XIII-3) such as hexamethylenetetramine;
and derivatives of these compounds.

(XIV) Amine compounds having an unsaturated cyclic
structure defined by the above-mentioned general formula
(X1II) in which u is 2 and two R are bonded.

[Chemical Formula 20]

(XIV)
N,
RZ - % R 1

A

(in the general formula (XIV), R' and R? are same as those in
the compound (XIID)).

Concrete examples of compound defined by the above-
mentioned general formula (XIV) include compounds having
amidine structure such as imidazole, imidazoline, pyrazole,
triazole, pyrroline, diazabicyclononene (DBN) and diazabi-
cycloundecene (DBU), and their derivatives; pyridine,
pyridazine, pyrimidine, pyrazine, and their derivatives.

(XV) Amine compounds defined by the following general
formulas and having a structure defined by the above-men-
tioned general formula (XII) in whichu is 2 or 3 and no R is
bonded.

[Chemical Formula 21]

(XV-1)
Rl
R re N\ R2
(XV-2)
N,
RZ - % R 1

(in the above-mentioned general formulas (XV), R! to R> are
same as those in the compound (VIII)).

Examples of the amine compounds defined by the above-
mentioned general formula (XV-1) in which u is 3 include
trialkylamines such as trimethylamine, triethylamine, tribu-
tylamine, tripropylamine, diethylmethylamine, dibutylm-
ethylamine, dihexylmethylamine, and dipropylamine;
dialkylamines such as dimethylamine, diethylamine, dibuty-
lamine, and dihexylamine; and monoalkylamines such as
methylamine, ethylamine, butylamine, pentylamine, hexy-
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lamine, and octylamine. Examples of the compounds defined
by the above-mentioned general formula (XV-2) in whichn is
2 include guanidine and the like.

Preferable examples of amines defined by the above-men-
tioned general formulas (VIII) to (XV) are aliphatic amines
such as triethylamine, tributylamine, butyldimethylamine,
diethylamine, dibutylamine, butylamine, hexylamine, octy-
lamine, and guanidine; cyclic amines such as piperidine, 1,4-
diazabicyclo[2.2.2]octan (DABCO), imidazoline, diazabicy-
clononene (DBN), and diazabicycloundecene (DBU); and
aromatic amines such as pyridine, imidazole, methylimida-
zole, and pyrazine. Among them, aliphatic amines such as
triethylamine and dibutylamine have high basicity and are
economical and therefore preferable.

On the other hand, as an ammonium salt, ammonium salts
having ammonium cation defined by the above-mentioned
general formulas (VII) to (IX) can be employed and particu-
larly, salts having quaternary ammonium as a cation are pref-
erable and concretely, one or more compounds selected from
a group consisting of compounds defined by the following
general formulas (XVII-1) to (XVII-5) are preferable.

[Chemical Formula 22]
(XVII-1)

(XVII-2)

=

N
R
(XVIL-3)
R
Z
AN

(XVII-4)

R

R @)\ R
\N/ g
I
N
®
R

R
\/
N
®

R
R
R R

R R
(XVII-5)
R

R @)\ R
\N/ e

N

R R

In the formulas, respective R independently denote a
hydrogen atom, a fluorine atom, or an organic group; and
examples of the organic group defined by R in the above-
mentioned general formulas are same as those exemplified for
the above-mentioned general formula (II).

Concrete examples of an ammonium cation include ammo-
nium, triethylmethylammonium, tetramethylammonium, tet-

=
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racthylammonium, tetrabutylammonium, proton adduct of
diazabicyclooctane, imidazolium, methylimidazolium, eth-
ylmethylimidazolium, pyridinium, methylpyridinium, etc.
and, especially preferable examples among them are trieth-
ylmethylammonium, tetramethylammonium, tetraethylam-
monium, tetrabutylammonium, proton adduct of diazabicy-
clooctane, and ethylmethylimidazolium; and even more
preferable examples are triethylmethylammonium, tetram-
ethylammonium, tetracthylammonium, and ethylmethylimi-
dazolium.

Examples of an anion composing a salt with the above-
mentioned ammonium cations include a halide ion, cyanide
ion (CN7), hydroxy ion (OH™), cyanate ion (OCN™), thiocy-
anate ion (SCN7), an alkoxy ion (RO™), sulfate ion, nitrate
ion, acetate ion, carbonate ion, perchlorate ion, an alkylsul-
fate ion, an alkylcarbonate ion, etc. Especially, among these
ions, a halide ion is preferable and C1™ or Br™ is particularly
preferable.

Examples of a preferable ammonium salt are those
obtained by combining the above-mentioned ammonium cat-
ions and the above-mentioned anions and particularly prefer-
able examples are tetrabutylammonium bromide, triethylm-
ethylammonium chloride, tetracthylammonium chloride,
ethylmethylimidazolium chloride, ammonium methoxide,
pyridinium hydroxide, and tetracthylammonium cyanate.

The use amount of the above-mentioned amine and/or
ammonium salt to the boron compound is adjusted to be
preferably 0.1:1 to 10:1 (boron compound: amine and/or
ammonium salt, mol ratio). It is more preferably 0.2:1 to 5:1
and even more preferably 0.5:1 to 2:1. If the mixing amount
of the amine and/or ammonium salt is too low, removal of
byproducts may become insufficient and the cation amount
may be too deficient to produce the desired product efficiently
in some cases. On the other hand, if the mixing amount of the
amine and/or ammonium salt is too high, the amine and/or
ammonium salt tends to remain as impurities.

To evenly promote the reaction in the method for producing
an ionic compound of the invention, it is preferable to use a
reaction solvent. The reaction solvent is not particularly lim-
ited as long as it can dissolve the above-mentioned starting
materials, and water or an organic solvent may be used as the
reaction solvent. As the organic solvent, the solvents same as
those used in the above-mentioned first production method
can be used. Not to mention it, these reaction solvents may be
used alone or two or more of them may be used in form of a
mixture.

The condition at the time of reaction of the starting mate-
rials is not particularly limited and may be properly adjusted
in accordance with the advancing state of the reaction; how-
ever, for example, the reaction temperature is adjusted to be
preferably 0° C. to 200° C. Itis more preferably 30° C.to 170°
C. and even more preferably 50° C. to 150° C. The reaction
time is adjusted to be preferably 0.2 hours to 200 hours, more
preferably 0.5 hours to 150 hours, and even more preferably
1 hour to 100 hours.

According to the third production method of the invention
using the above-mentioned TMSCN, amine and/or ammo-
nium salt, and boron compound as starting materials, an ionic
compound having tetracyanoborate ion ([B(CN),]”) is
obtained at a further higher yield than that in the case of using
an alkali metal cyanide as the CN source, or that in the case of
using TMSCN and an alkali metal-containing boron com-
pound as starting materials.

The ionic compound obtained by the third production
method of the invention has the structure defined by the
above-mentioned general formula (I), and comprises an
organic cation or an inorganic cation as the cation [Kt]™* and
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[B(CN),]™ as the anion. The cation [Kt]™" may be derived
from the boron compound (e.g. an alkali metal ion), or from
the ammonium salt (e.g. one of ammonium cations defined by
the above-mentioned general formulas (VII) to (IX)), or an
organic cation or an inorganic cation different from them.
[Fourth Production Method]

Next, the fourth production method will be described. The
fourth method for producing an ionic compound of' the inven-
tion is characterized in that reaction of hydrogen cyanide, an
amine, and a boron compound is carried out to obtain an ionic
compound defined by the following general formula (I).

[Chemical Formula 23]
@

m

(wherein [Kt]™* denotes an organic cation [Kt’]™* or an
inorganic ion [Kt*]”*; and m denotes an integer of 1 to 3).

To synthesize the ionic compound containing tetracy-
anoborate ion, the inventors have found that use of hydrogen
cyanide in place of an alkali metal cyanide such as potassium
cyanide or trimethylsilyl cyanide which has been used con-
ventionally as a cyanide (CN) source makes it possible to
economically obtain an ionic compound defined by the
above-mentioned general formula (I).

Although not clearly understanding the reason why the
ionic compound containing tetracyanoborate can be obtained
quickly by using hydrogen cyanide, an amine and a boron
compound, the inventors of the invention suppose the reason
as follows. In the reaction system, at first hydrogen atom of
hydrogen cyanide, which is a starting material, is coordinated
with lone pair electron of nitrogen of the amine to form an
ammonium complex. Next, the ammonium complex and the
boron compound are supposedly reacted to produce the ionic
compound containing TCB as a result. That is, in the complex
formed from hydrogen cyanide and an amine, the bond
between N—CN is relatively weak as compared with that of
an alkali metal cyanide, which has been used as a cyanide
source. Accordingly, it is supposed that if hydrogen cyanide
and an amine are used as starting materials, free cyanide ion
can be formed easily in the reaction system and as a result, the
ionic compound containing TCB is quickly produced.

The organic cation [Kt]™* comprising the ionic compound
Kt[B(CN),],, obtained by the production method of the
invention includes those derived from the cations contained in
boron compounds; those derived from ammonium generated
from hydrogen cyanide and amines; and also those derived
from cations composing ionic substances to be employed for
cation exchange reaction described later.
<Hydrogen Cyanide>

As described above, in the fourth production method of the
invention, hydrogen cyanide is used as a cyanide source.
Hydrogen cyanide may be a gas or a liquid and may be used
in form of a solution obtained by dissolving hydrogen cyanide
in water or an organic solvent. In this connection, because of
handling convenience, liquid or solution type hydrogen cya-
nide is preferable to be used.
<Amine>

Next, an amine will be described. In the fourth production
method, an amine is used as a starting material. An amine
usable in the invention is preferably amines defined by the
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above-mentioned general formula (XII) and concrete
examples of the amine include amines same as those used in
the third production method.

<Boron Compound>

In the fourth production method, starting materials con-
taining the above-mentioned hydrogen cyanide, amine, and
boron compound are reacted to synthesize an ionic compound
defined by the above-mentioned general formula (I). The
above-mentioned boron compound is not particularly limited
as long as it is a compound containing boron and those same
as the boron compounds usable in the above-mentioned first
production method can be used.

In the fourth production method, the above-mentioned
hydrogen cyanide, amine, and boron compound are reacted to
synthesize an ionic compound defined by the above-men-
tioned general formula (I). The mixing embodiment of the
starting materials is not particularly limited and an embodi-
ment that hydrogen cyanide, an amine, and a boron com-
pound are loaded to a reaction container and an embodiment
that hydrogen cyanide and an amine are previously loaded to
a reaction container and thereafter, the boron compound is
added to the reaction system can be employed.

The mixing ratio of the amine to hydrogen cyanide is
preferably 0.02:1 to 50: 1 (hydrogen cyanide:amine, mol
ratio). It is more preferably 0.05:1 to 20:1 and even more
preferably 0.1:1 to 10:1. If the mixing amount of hydrogen
cyanide is too low the production amount of the desired ionic
compound may possibly be low or byproducts (e.g. tricy-
anoborate, dicyanoborate, etc.) may be produced in some
cases. On the other hand, if the mixing amount of hydrogen
cyanide is too high, the amount of impurities derived from CN
is increased and it tends to be difficult to refine the desired
product.

The mixing ratio of the boron compound to hydrogen cya-
nide is preferably 1:4 to 1:100 (boron compound: hydrogen
cyanide, mol ratio). It is more preferably 1:4 to 1:50 and even
more preferably 1:4 to 1:20. If the mixing amount of boron
compound is too low the production amount of the aimed
ionic compound may possibly be low in some cases. On the
other hand, if the mixing amount of boron compound is too
high, the amount of impurities derived from the boron com-
pound is increased and it tends to be difficult to refine the
desired product.

In the fourth method for producing an ionic compound of
the invention, to evenly promote the reaction, it is preferable
to use a reaction solvent. The reaction solvent is not particu-
larly limited as long as it can dissolve the above-mentioned
starting materials, and water or an organic solvent may be
used as the reaction solvent. The organic solvent may be same
as those exemplified in the first production method. Needless
to say, the above-mentioned reaction solvents may be used
alone or two or more of them may be used in form of a
mixture.

The condition at the time of reaction of the starting mate-
rials is not particularly limited and may be properly adjusted
in accordance with the advancing state of the reaction; how-
ever, for example, the reaction temperature is adjusted to be
preferably 30° C. to 250° C. It is more preferably 50° C. to
170° C. and even more preferably 80° C. to 150° C. The
reaction time is adjusted to be preferably 0.2 hours to 200
hours, more preferably 0.5 hours to 150 hours, and even more
preferably 1 hour to 100 hours.

According to the fourth production method of the invention
in which hydrogen cyanide is used as a CN reagent, an ionic
compound having tetracyanoborate ion ([B(CN),]|7) can be
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obtained economically as compared with conventional meth-
ods of using an alkali metal cyanide and trimethylsilyl cya-
nide.

<Cation-Exchange Reaction>

The ionic compound obtained by the production method of
the invention may be subjected further to cation-exchange
reaction. As described below, since the characteristics of the
ionic compound ofthe invention depend on the cation type, an
ionic compound with different characteristics can be obtained
easily by carrying out cation exchange reaction.

As described in the first production method, if an ionic
substance KtX? ([Kt]™* denotes an organic cation or an inor-
ganic cation; [X”]™" denotes an anion; and m denotes an
integer of 1 to 3) is used as a starting material, an ionic
compound having a desired cation can be obtained without
additional performance of cation-exchange reaction. These
embodiments are also one of recommended embodiments of
the invention.

Accordingly, with respect to the ionic compound of the
invention defined by the above-mentioned general formula
(D), in the case no cation-exchange reaction is carried out, the
cation [Kt]™* may be cations derived from boron compounds
and or cations derived from cyanides M#*(CN),, (first produc-
tion method); cations derived from ammonium cyanide com-
pounds, that is, cations of various derivatives having struc-
tures defined by the above-mentioned general formulas (VII)
to (IX) (second production method); cations derived from
ammonium salts (third production method); and ammonium
cations produced from hydrogen cyanide and amines (fourth
production method).

On the other hand, in the case the above-mentioned each
reaction is carried out in presence of an ionic substance and,
in the case the cation-exchange reaction of the obtained ionic
compound is carried out after the above-mentioned reaction,
the cation becomes the cation [Kt]™* composing the ionic
substance KtX?, that is a conventionally known organic cat-
ion or an inorganic cation [Kt]™* such as an alkali metal ion,
and an alkaline earth metal ion.

With respect to [Kt]™ comprising the ionic substance,
ammonium defined by the above-mentioned general formula
[N*—(R),] is preferable as an organic cation and alkali metal
ions such as Li*, Na* and K* and alkaline earth metal ions
such as Mg”* and Ca** are preferable as an inorganic metal
cation. More preferable cations are onium cations defined by
the above-mentioned general formulas (IIT) to (V) and ammo-
nium type compound derivatives defined by the above-men-
tioned general formulas (VII) to (IX).

On the other hand, preferable examples of the anion [X?]"~
include a halide ion, cyanide ion (CN™), hydroxy ion (OH™),
cyanate ion (OCN"), thiocyanate ion (SCN™), an alkoxy ion
(RO7), sulfate ion, nitrate ion, acetate ion, carbonate ion,
perchlorate ion, an alkylsulfate ion, an alkylcarbonate ion,
etc. Among these ions, a halide ion is preferable and CI~ or
Br is particularly preferable.

That is, those obtained by combining the above-mentioned
[Kt]™* and [X®]™" are preferably employed as the ionic sub-
stance KtX” and particularly preferable examples include
salts of alkyl quaternary ammonium and halide ion such as
tetrabutylammonium fluoride, tetrabutylammonium chlo-
ride, tetrabutylammonium bromide, tetraethylammonium
fluoride, tetracthylammonium chloride, tetracthylammonium
bromide, triethylmethylammonium fluoride, triethylmethy-
lammonium chloride, and triethylmethylammonium bro-
mide; salts of alkyl tertiary ammonium and halide ion such as
triethylammonium fluoride, triethylammonium chloride, tri-
ethylammonium bromide, dibutylmethylammonium fluo-
ride, dibutylmethylammonium chloride, dibutylmethylam-
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monium bromide, dimethylethylammonium fluoride,
dimethylethylammonium chlorides and dimethylethylam-
monium bromide; salts of imidazolium and halide ion such as
1-ethyl-3-methylimidazolium fluoride, 1-ethyl-3-methylimi-
dazolium chloride, 1-ethyl-3-ethylimidazolium bromide, 1,2,
3-trimethylimidazolium fluoride, 1,2,3-trimethylimidazo-
lium chloride, and 1,2,3-trimethylimidazolium bromide; and
salts of pyrrolidinium and halide ion such as N,N-dimeth-
ylpyrrolidinium fluoride, N,N-dimethylpyrrolidinium chlo-
ride, N,N-dimethylpyrrolidinium bromide, N-ethyl-N-meth-
ylpyrrolidinium fluoride, N-ethyl-N-methylpyrrolidinium
chloride, and N-ethyl-N-methylpyrrolidinium bromide. Fur-
ther, as the jonic substance, salts Kt*X? of halide ion and
alkali metal ion such as Li*, Na* and K* may be used. Addi-
tionally, in terms of decrease of the amount of impurities
derived from F, it is recommended to use those containing no
F atom among the above-mentioned ionic substances.

The above-mentioned ionic substances KtX? may be used
alone or two or more of them may be used in combination.

The cation-exchange reaction may be carried out by react-
ing an ionic compound obtained by the first to fourth produc-
tion methods of the invention with an ionic substance KtX?
having a desired cation.

In this case, the mixing ratio of the ionic compound Kt[B
(CN),],, and the ionic substance KtX” at the time of the
cation-exchange reaction is adjusted to be preferably 50:1 to
1:50 (ionic compound Kt[B(CN),],,:ionic substance KtX?,
mol ratio). It is more preferably 20:1 to 1:20 and even more
preferably 10:1 to 1:10. If the amount of the ionic substance
is too low, it may be sometimes difficult to quickly promote
the exchange reaction of the organic cation. On the other
hand, if an excess amount of the ionic substance is used, the
unreacted ionic substance contaminates the product and it
tends to be difficult to refine the product.

The exchange reaction of the organic cation may be carried
out merely by mixing the ionic compound Kt[B(CN),],, and
the ionic substance KtX? in presence of a solvent and at that
time, the temperature may be 0° C. to 200° C. (more prefer-
ably 10° C.to 100° C.) and reaction may be carried out for 0.1
hours to 48 hours (more preferably 0.1 hours to 24 hours).
Preferably used as the solvent may be organic solvents, for
example, ester type solvents such as ethyl acetate, isopropyl
acetate, and butyl acetate; ketone type solvents such as 2-bu-
tanone and methyl isobutyl ketone; ether type solvents such
as diethyl ether, dibutyl ether, and cyclohexyl methyl ether;
chlorine type solvents such as dichloromethane and chloro-
form; aromatic type solvents such as toluene, benzene, and
xylene; and aliphatic hydrocarbons such as hexane. These
solvents may be used alone or two or more of them may be
used in combination. In this connection, use of two or more
reaction solvents is one of preferable conditions for the
above-mentioned reaction.
<Method for Producing lonic Compound-treatment with
Oxidizing Agent>

The production method of the invention is preferably a
method further involving a step of bringing a product (ionic
compound) obtained by the above-mentioned first to fourth
production methods into contact with an oxidizing agent. In
the case the cation-exchange reaction is carried out succes-
sively to the first to fourth production methods, the contact of
the ionic compound, which is the product, and an oxidizing
agent may be carried out before or after the cation-exchange
reaction and may be carried out both of before and after the
cation-exchange reaction.

As described above, the impure ionic components con-
tained in the ionic compound deteriorate electrochemical
devices and their peripheral members for which the ionic
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compound is employed. Consequently, it may possibly result
in decrease of the performance of the electrochemical
devices. Further, in the production method of the invention, a
cyanide M“(CN),, (first production method), an ammonia
cyanide (second production method), TMSCN (third produc-
tion method), and hydrogen cyanide (fourth production
method) are used as starting materials. Consequently, free
cyanide ion (CN7) or the like derived from starting materials
may sometimes remain in the product or impurities inevitably
mixed in the production process may possible exist in some
cases. The ionic compound of the invention is sometimes
used as a constituent material for electrochemical devices and
the impurities such as CN~ existing in the ionic compound
decreases the ion conductivity and corrodes electrodes to
deteriorate the electrochemical capabilities.

Therefore, the inventors of the invention have made inves-
tigations to lower the content of these impurities of ionic
components in the ionic compound. In general, an organic
compound tends to be oxidized and decomposed in the pres-
ence of an oxidizing agent and it is supposed that an ionic
compound containing tetracyanoborate [B(CN),]” as an
anion is also similarly oxidized and decomposed. Accord-
ingly, the impurities of ionic components in the ionic com-
pound are removed in form of an alkali metal salt (NaCN,
NaCl) by transferring it to a water layer by extraction treat-
ment using an aqueous NaOH solution or the like; however
cyanide ion (CN7) is weakly acidic and the solubility of its
salt with an alkali metal in water is not so high and therefore,
the extraction efficiently is low. Further, to sufficiently lower
the impurity amount, it is needed to repeat the extraction
process a plurality of times and it results in a problem that the
yield of the ionic compound is lowered.

Nevertheless, the inventors of the invention have found that
the ionic compound containing TCB as an anion unexpect-
edly has higher stability than common organic compounds to
an oxidizing agent, and therefore, excess cyanide ion (CN7)
contained in the product can be decomposed by bringing the
ionic compound into contact with an oxidizing agent after the
synthesis. Moreover, the content of impurities inevitably
mixed in the starting materials and in the synthesis process
can be lowered.

Especially, in the case the product obtained by reaction of
trimethylsilyl cyanide and a boron compound and an oxidiz-
ing agent are brought into contact with each other, a highly
pure ionic compound with lowered impurities such as silicon
and halide ions and water is obtained.
<Treatment with Oxidizing Agent>

Examples of an oxidizing agent to be used for the above-
mentioned treatment with an oxidizing agent may be perox-
ides such as hydrogen peroxide, sodium perchlorate, perace-
tic acid, and meta-chloroperbenzoic acid (mCPBA);
manganese compounds such as potassium permanganate and
manganese oxide; chromium compound such as potassium
dichromate; halogen-containing compounds such as potas-
sium chlorate, sodium bromate, potassium bromate, sodium
hypochlorite, and chlorine dioxide; inorganic nitrogen com-
pounds such as nitric acid and chloramine; acetic acid, and
osmium tetraoxide. Among these compounds, peroxides are
preferable and hydrogen peroxide and sodium perchlorate are
more preferable. Especially, in the case of using hydrogen
peroxide as the oxidizing agent, impurities such as chloride
ion (CI7) and cyanate ion (NCO™) are efficiently distributed in
the hydrogen peroxide-aqueous layer and the extraction effi-
ciency of the ionic compound is improved and therefore it is
particularly preferable. Furthermore, in the case of using
hydrogen peroxide, those absorbing moisture and compo-
nents easy to be hydrated among impurities are efficiently
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distributed in the hydrogen peroxide-aqueous layer and there-
fore, the purity of the ionic compound is increased and at the
same time, the water content is also easily decreased in the
ionic compound.

The oxidizing agent may be in solid state or liquid state,
and in the case of solid state, it may be dissolved in a solvent.
An oxidizing agent solution obtained by dissolving a liquid-
state oxidizing agent or a solid-state oxidizing agent in a
solvent may be used after being further diluted.

Although it depends on the impurity amount (especially,
CN~ or the like) in the crude ionic compound, the use amount
of the oxidizing agent is preferably 1 part by weight to 1000
parts by weight, more preferably 10 parts by weight to 500
parts by weight, further more preferably 20 parts by weight to
300 parts by weight, and even more preferably 50 parts by
weight to 100 parts by weight per 100 parts by weight of the
crude ionic compound. Additionally, in the case that the oxi-
dizing agent amount is too high, the ionic compound may
possibly be decomposed. On the other hand, if the oxidizing
agent amount is too low, it is difficult to sufficiently lower the
excess ionic components and impurities in some cases. In this
connection, “crude ionic compound” means the component
obtained by removing a solvent from a reaction solution after
the synthesis. The treatment with an oxidizing agent may be
carried out without removal of the reaction solvent or the like
after the synthesis or after other refining treatment described
below.

The treatment with an oxidizing agent is not particularly
limited as long as the crude ionic compound and an oxidizing
agent are brought into contact with each other, and the crude
ionic compound after synthesis as it is may be brought into
contact with an oxidizing agent, or a solution of the crude
ionic compound is prepared and the obtained crude ionic
compound solution may be mixed with an oxidizing agent for
the contact. That is, a contact embodiment may include an
embodiment that a solid-state oxidizing agent is added to the
crude ionic compound solution to bring both into contact with
each other; an embodiment that the crude ionic compound
solution and an oxidizing agent solution are mixed to bring
both into contact with each other; and an embodiment that the
crude ionic compound in solid state is added to a oxidizing
agent solution to bring both into contact with each other.
Additionally, a solvent for dissolving the crude ionic com-
pound is preferably a solvent to be used for treatment with
activated carbon described below.

As described above, the ionic compound of the invention
has high tolerability to an oxidizing agent as compared with
common organic substances; however excess contact with an
oxidizing agent becomes a cause of decomposition of the
ionic compound. Consequently, in terms of suppression of
decomposition of the ionic compound, it is recommended to
carry out the treatment with an oxidizing agent at low tem-
perature within a short time. For example, the treatment with
an oxidizing agent is carried out preferably at a temperature
equal to or lower than the reaction temperature at the time of
synthesizing the ionic compound, and more preferably at a
temperature equal to or lower than the boiling temperature of
the solvent. Concretely, it is preferably 0° C. to 150° C., more
preferably 0° C. to 130° C., furthermore preferably 10° C. to
100° C., and even more preferably 10° C. to 80° C.
<Other Refining Methods>

In the production method of the invention, to further
decrease the impurity amount in the ionic compound, con-
ventionally known refining methods other than the above-
mentioned treatment with an oxidizing agent may be
employed. Examples of conventionally known refining meth-
ods may include washing with water, an organic solvent, and
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their mixed solvent; an adsorption purification method; a
re-precipitation method; a separatory extraction method; a
re-crystallization method; a crystallization method; and chro-
matography. These refining methods may be carried in com-
bination.

Inthe case the above-mentioned another refining method is
employed in combination, the timing conducting the another
refining method is not particularly limited and any of the
following embodiments may be employed: before contact of
the crude ionic compound and an oxidizing agent; after con-
tact of the crude ionic compound and an oxidizing agent; and
both before and after contact of the crude ionic compound and
an oxidizing agent.

For example, in the case an adsorption purification method
is employed, examples of an adsorbent may include activated
carbon, silica gel, alumina, zeolites, and the like. Among
them, adsorption treatment using activated carbon as an
adsorbent (treatment with activated carbon) is preferable
since contamination of the ionic compound with impurities is
little.

The activated carbon usable for the adsorption treatment is
not particularly limited. The shape of the activated carbon is
not particularly limited as long as it has a wide surface area
and may include powder-like, milled, granulated, pelletized,
and spherical shapes and among these shapes, a powder-like
activated carbon is preferable to be used because of a wide
surface area. Further, the activated carbon is preferably those
having a surface area of 100 m?/g or higher, more preferably
those having a surface area of 400 m*/g or higher, and even
more preferably those having a surface area of 800 m?/g or
higher. To avoid contamination of the ionic compound with
impurities contained in the activated carbon, it is preferable to
employ activated carbon with little impurity content and one
example of such an activated carbon is Carborafin (registered
trade name)-6 manufactured by Japan EnviroChemicals, Ltd.

The use amount of the activated carbon is preferably not
less than 1 part by weight and not more than 500 parts by
weight; more preferably not less than 10 parts by weight and
not more than 300 parts by weight; and even more preferably
not less than 20 parts by weight and not more than 200 parts
by weight per 100 parts by weight of the crude ionic com-
pound.

The treatment with activated carbon is preferably carried
out for the crude ionic compound immediately after synthesis
and before the treatment with an oxidizing agent. From a
viewpoint that the effect of the treatment with activated car-
bon is caused efficiently, it is recommended that the crude
ionic compound is subjected to the treatment with activated
carbon while being dissolved or dispersed in a solvent.

A solvent usable for the treatment with activated carbon is
not particularly limited; however a solvent in which the crude
ionic compound can be dissolved is preferable. Examples
include water; aliphatic mono-alcohols such as methanol,
ethanol, n-propyl alcohol, isopropyl alcohol, 1-butanol, sec-
butanol, tert-butanol, 1-pentanol, 2-pentanol, 3-pentanol,
3-methyl-1-butanol, 3-methyl-2-butanol, 2-methyl-1-bu-
tanol, tert-amyl alcohol, neopentyl alcohol, 1-hexanol, 2-hex-
anol, 3-hexanol, 2-methyl-1-pentanol, 3-methyl-3-pentanol,
4-methyl-2-pentanol, 3,3-dimethyl-2-butanol, 1-heptanol,
2-heptanol, 3-heptanol, 2-methyl-3-hexanol, 2,4-dimethyl-3-
pentanol, 1-octanol, 2-octanol, 3-octanol, 2-ethyl-nonanol,
2,4 4-trimethyl-1-pentanol, 1-nonanol, 2-nonanol, 2,6-dim-
ethyl-4-heptanol,  3,5,5-trimethyl-1-hexanol, 1-decanol,
2-decanol, 4-decanol, and 3,7-dimethyl-1-octanol; alicyclic
mono-alcohols such as cyclopentanol and cyclohexanol;
polyhydric alcohols such as ethylene glycol, propylene gly-
col, 1,4-butanediol, 1,4-dihydroxy-2-butene, 1,2-dihydroxy-
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3-butene, and glycerin; ketones such as acetone, methyl ethyl
ketone, methyl butyl ketone, methyl isobutyl ketone, and
methyl isopropyl ketone; ethers such as dimethyl ether,
diethyl ether, dipropyl ether, methyl-tert-butyl ether, butyl
ethyl ether, dibuty] ether, dipenty] ether, tetrahydrofuran, and
tetrahydropyran; esters such as methyl acetate, ethyl acetate,
isopropyl acetate, butyl acetate, methyl acrylate, and methyl
methacrylate; straight or branched aliphatic saturated hydro-
carbons such as n-pentane, n-hexane, methylpentane, n-hep-
tane, methylhexane, dimethylpentane, n-octane, methylhep-
tane, dimethylhexane, trimethylpentane, dimethylheptane,
and n-decane; straight or branched aliphatic unsaturated
hydrocarbons such as 1-pentene, 1-hexene, 4-methyl-1-pen-
tene, and 1-heptene; aromatic hydrocarbons such as benzene,
toluene, xylene, ethylbenzene, and propylbenzene; alicyclic
compounds such as cyclopentane, methylcyclopentane,
cyclohexane, methylcyclohexane, dimethylcyclohexane, eth-
ylcyclohexane, and propylcyclohexane; halogen-containing
solvents such as chloromethane, dichloromethane, trichlo-
romethane, tetrachloromethane, dichloroethylene, trichloro-
ethylene, and tetrachloroethylene; and nitriles such as aceto-
nitrile, propionitrile, butyronitrile, valeronitrile,
hexanenitrile, and benzonitrile. Among them, water, ketones,
ethers, esters, aliphatic saturated hydrocarbons, and halogen-
containing solvents are usable. Further, among them, water,
methyl ethyl ketone, dimethyl ether, diethyl ether, butyl
acetate, and hexane are preferable. The above-mentioned sol-
vents may be used alone or two or more of them may be used
preferably while being mixed. In addition, water to be used
for the treatment with activated carbon is preferably ultrapure
water (ion resistance of 1.0 €-cm or higher) treated by an
ultrapure water apparatus equipped with various kinds of
filters such as a filter, an ion exchange membrane and a
reverse 0smosis membrane.

The use amount of a solvent to be used for the treatment
with activated carbon is preferably not less than 10 parts by
weight and not more than 2000 parts by weight; more pref-
erably not less than 100 parts by weight and not more than
1000 parts by weight; and even more preferably not less than
200 parts by weight and not more than 1000 parts by weight
per 100 parts by weight of the crude ionic compound. In the
case the solvent amount is too high, the reaction apparatus
becomes large and it costs high and moreover, the yield tends
to be lowered and thus it is economically disadvantageous.
On the other hand, in the case the use amount of the solvent is
too low the purity of the ionic compound is sometimes
decreased. The ionic compound solution after the treatment
with activated carbon may be subjected as it is to the treatment
with an oxidizing agent.

As described above, it is one of preferred embodiments of
the invention that the crude ionic compound obtained in a
syntesis is subjected to the treatment with an oxidation agent
and followed by the treatment with activated carbon. Further,
after the treatment with an oxidizing agent, other refining
methods described above may be employed and it is prefer-
able to carry out washing with water, an organic solvent or
their mixed solvent, or separatory extraction.

A solvent to be used in this case is preferably a solvent
which can form 2-layer state with a solvent exemplified in the
above-mentioned treatment with activated carbon. For
example, in the case an organic solvent is used in the treat-
ment with activated carbon, water is preferable to be used for
washing and separatory extraction. Use of water makes it
possible to efficiently extract the alkali metal ion and the
halide ion and remove these ionic components from the ionic
compound. Additionally, in terms of layer separation from
water and recovery efficiency of the ionic compound, a com-
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bination of preferable extraction solvents include combina-
tions of water/hexane, water/methyl ethyl ketone, water/me-
thyl isobutyl ketone, water/dimethyl ether, water/diethyl
ether, water/ethyl acetate, water/butyl acetate, and water/
dichloromethane; and among them, more preferable combi-
nations are water/ethyl acetate, water/butyl acetate, water/
methyl isobutyl ketone, and water/diethyl ether, and even
more preferable combinations are water/ethyl acetate, water/
butyl acetate, and water/diethyl ether.

According to the invention employing the above-men-
tioned treatment with an oxidizing agent, an ionic compound
with a high purity and a low content of impure ionic compo-
nents is obtained.
<Uses>

The ionic compound Kt B(CN),],, of the invention has one
characteristic that it is in liquid-phase at 100° C. or lower and
becomes an ionic liquid by selecting the cation [Kt]™*.
Accordingly, the ionic compound of the invention obtained
by the above-mentioned production method is preferably
usable as a material composing electrochemical devices such
as primary batteries and batteries having charge/discharge
mechanism, e.g., lithium (ion) secondary batteries and fuel
cells, and also electrolytic capacitors, electric double layer
capacitors, solar cells, electrochromic display devices, and
electrochemical gas sensors.

Further, in general, since an ionic liquid has a characteristic
that it is a liquid having an ionic bond, it is known that the
ionic liquid has high electrochemical and thermal stability
and also has a property of selectively absorbing a specific gas
such as carbon dioxide, and the ionic compound obtained by
the production method of the invention also has characteris-
tics same as described above.

Consequently, as uses of the ionic compound of the inven-
tion other than the above-mentioned electrochemical material
uses, the ionic compound can be used preferably for various
uses, e.g., as a repeatedly usable reaction solvent for organic
synthesis and a sealing agent and a lubricant for mechanical
movable parts based on the high thermal stability; as a con-
ductivity supplying agent for polymers based on both of the
electrochemical property and thermal stability; as a gas absor-
bent for carbon dioxide or the like based on the gas-absorbing
property; etc.

Next, a case of using the ionic compound of the invention
as an ion-conductive material for the above-mentioned elec-
trochemical devices will be described.

[Ton Conductive Material]

As described above, the ionic compound of the invention
contains tetracyanoborate defined by [B(CN),|™ as an anion
and the invention includes an ion-conductive material con-
taining an ionic compound having an anion defined by the
following general formula (XVI) other than the above-men-
tioned anion.

[Chemical Formula 24]

(NC),—X9~ (XVD)

(in the formula (XVI), X? denotes at least one element
selected from Al, Si, P, Ga, and Ge; and v is an integer of 4 to
6).

The ion-conductive material of the invention contains the
ionic compound having, as an anion component, tetracy-
anoborate or tetracyanoborate together with an anion defined
by the above-mentioned general formula (XVI), and it is
preferable that the above-mentioned anion component has the
highest occupied molecular orbital energy level of 5.5 eV or
lower which is caluculated by employing a molecular orbital
computation method.
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Investigations of an ion-conductive material by employing
a computational chemical technique are made in Journal of
The Electrochemical Society, 149 (12) A1572-A1577 (2002)
and here, as an index for obtaining a compound with high
withstand voltage, the highest occupied molecular orbital
energy levels of various kinds of anions are calculated by
employing a molecular orbital computation method. This
document reports PF,~ and AsF ;™ as anions having low high-
est occupied molecular orbital energy levels and wide poten-
tial windows. However, compounds containing these anions
have problems; that is, fluorine atoms contained in the struc-
ture are isolated with lapse of time, and corrode electrodes, or
react on a trace of water contained in the system and generate
harmful hydrogen fluoride gas, or As itself is toxic. On the
other hand, the ionic compound of the invention has a
decreased content of impurities such as fluorine atoms as
described above and contains no As in the structure or in the
synthesis process, so that a problem of electrode corrosion or
the like is hardly caused. Further, the anion component of the
invention has the highest occupied molecular orbit energy
level same as those of PF,~ and AsF4~, and has a wide poten-
tial window, so that it can be used preferably as an ion con-
ductor.

In the above-mentioned formula (XVI), v is an integer of 4
to 6 and determined based on the valence of the element X.
For example, in the case X is Al or Ga, v=4 and in the case X
is Sior Ge, v=5. Further, in the case X is P, v=6. A preferable
embodiment of the ion-conductive material of the invention
has an ionic compound having tetracyanoborate and/or the
anion component defined by the above-mentioned general
formula (XVI) essentially. The anion component is prefer-
ably tetracyanoborate and an anion defined by the general
formula (XV1]) in which X is Al and v=4 and tetracyanoborate
is most preferable as the anion component.

The highest occupied molecular orbital energy level of the
anion component (tetracyanoborate and the anion component
defined by the general formula (XVI)) contained in the ion-
conductive material of the invention, which is calculated by
employing a molecular orbital computation method, is pref-
erably -5.5 eV or lower, more preferably -5.6 eV or lower,
and even more preferably -5.7 eV or lower.

Further, in terms of corrosiveness and harmfulness, the
above-mentioned ion-conductive material is preferably those
which contain no F atom and no As in the composition.
Furthermore, for the same reason, the ion-conductive mate-
rial is preferably those which contain no Sb. In addition, the
above-mentioned ion-conductive material may contain only
one kind of anion component and also may contain two or
more kinds of anion components.

The cation contained in the ion-conductive material of the
invention is not particularly limited and may be either an
organic cation or an inorganic cation, as long as it can form a
salt with tetracyanoborate and the anion defined by the gen-
eral formula (XVI); however an onium cation is preferable.
Examples of the onium cation are onium cations defined by
(Il to (V). In this case, preferable uses of the ion-conductive
material are electric double layer capacitors, electrolytic
capacitors, etc.

In the case the above-mentioned ion-conductive material is
used as a material of an electrolyte solution of an electric
double layer capacitor or an electrolytic capacitor, the amount
of the ion-conductive material is preferably 1 weight % or
higher and 99.5 weight % or lower in 100 weight % of the
material of an electrolyte solution. It is more preferably 5
weight % or higher and 95 weight % or lower and even more
preferably 10 weight % or higher and 90 weight % or lower.
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As described above, the ionic compound and the ion-con-
ductive material of the invention can work as an electrolyte
composing an electrolyte solution or a solid electrolyte in an
ion conductor which various kinds of electrochemical devices
comprise. In addition, these electrolyte solution and solid
electrolyte may contain other electrolyte salts in addition to
the ion-conductive material of the invention.

As other electrolyte salts, electrolytes containing ions as
carriers may be used, and one or more of electrolytes can be
used. It is preferable that the dissociation constant in an
electrolyte solution or a polymer solid electrolyte is high, and
preferable examples include alkali metal salts and alkaline
earth metal salts of trifluoromethane sulfonic acid such as
LiCF,S0O;, NaCF;SO;, and KCF,SO;; alkali metal salts and
alkaline earth metal salts of perfluoroalkanesulfonic acid
imide such as LiC(CF;S0,);, LiN(CF,CF,S0,),, and LiN
(FSO,),; alkali metal salts and alkaline earth metal salts of
hexafluorophosphoric acid such as LiPF ¢, NaPF, and KPFy;
alkali metal salts and alkaline earth metal salts of perchloric
acid such as LiClO, and NaClO,; tetrafluoroboric acid salts
such as LiBF , and NaBF ,; alkali metals salts such as LiAsF,
Lil, Nal, NaAsF,, and KI; quaternary ammonium salts of
perchloric acid such as tetracthylammonium perchlorate;
quaternary ammonium salts of tetrafluoroboric acid such as
(C,H5),NBE,; quaternary ammonium salts such as (C,Hy),
NPF; and quaternary phosphonium salts such as (CH;),P
BF, and (C,H;),P BE,. Among them, alkali metal salts and/
or alkaline earth metal salts are preferable. Further, in terms of
solubility in an organic solvent or ion conductivity, LiPF,
LiBF,, LiAsF, alkali metal salts and alkaline earth metal
salts of perfluoroalkanesulfonic acid imide, and quaternary
ammonium salts are preferable. As the alkali metal salts,
lithium salts, sodium salts, and potassium salts are preferable
and as the alkaline earth metal salts, calcium salts and mag-
nesium salts are preferable. Lithium salts are more preferable.

The used amount of above-mentioned other electrolytic
salts is preferably 0.1 weight % in the lower limit and 50
weight % in the upper limit to the total 100 weight % of the
ion-conductive material of the invention and other electro-
Iytic salts. If it is less than 0.1 weight %, the absolute amount
of ions may become insufficient and ion conductivity may
possibly become low and if it exceeds 50 weight %, the
mobility of ions may significantly be inhibited. The upper
limit is more preferably 30 weight %.

Uses of the ion-conductive material of the invention may
be, for example, for electrochemical devices such as electro-
Iytic capacitors, electric double layer capacitors, lithium ion
capacitors, solar cells, and electrochromic display devices
besides primary batteries and batteries having charge/dis-
charge mechanism, e.g., lithium (ion) secondary batteries and
fuel cells. In general, these devices have, as basic constituent
elements, an ion conductor, a negative electrode, a positive
electrode, current collectors, a separator, and a container.

As the above-mentioned ion conductor, a mixture of an
electrolyte and an organic solvent is preferable. If an organic
solvent is used, the ion conductor is called generally as an
electrolyte solution.

As the organic solvent, a non-protonic solvent in which the
above-mentioned ion-conductive material can be dissolved
may be used. The non-protonic solvent is preferably those
having good compatibility with the ion-conductive material
of the invention and high dielectric constant as well as high
solubility for other electrolytic salts, boiling point of 60° C. or
higher, and a wide range of electrochemical stability. The
non-protonic solvent is more preferably organic solvents with
low water content (non-aqueous solvent). Examples of such
solvent include ethers such as 1,2-dimethoxyethane, tetrahy-
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drofuran, 2-methyltetrahydrofuran, crown ether, tricthylene
glycol methyl ether, tetracthylene glycol dimethy! ether, and
dioxane; carbonates such as ethylene carbonate, propylene
carbonate, diethyl carbonate, and methyl ethyl carbonate;
aliphatic carbonic acid esters such as dimethyl carbonate,
ethyl methyl carbonate, diethyl carbonate, diphenyl carbon-
ate, and methyl phenyl carbonate; cyclic carbonate esters
such as ethylene carbonate, propylene carbonate, ethylene
2,3-dimethylcarbonate, butylene carbonate, vinylene carbon-
ate, and ethylene 2-vinylcarbonate; aliphatic carboxylic acid
esters such as methyl formate, methyl acetate, propionic acid,
methyl propionate, ethyl acetate, propyl acetate, butyl
acetate, and amyl acetate; aromatic carboxylic acid esters
such as methyl benzoate and ethyl benzoate; carboxylic acid
esters such as y-butyrolactone, y-valerolactone, and 8-valero-
lactone; phosphoric acid esters such as trimethyl phosphate,
ethyl dimethyl phosphate, diethyl methyl phosphate, and tri-
ethyl phosphate; nitriles such as acetonitrile, propionitrile,
butyronitrile, valeronitrile, hexanenitrile, benzonitrile, meth-
oxypropionitrile, glutaronitrile, adiponitrile, and 2-methyl-
glutaronitrile; amides such as N-methylformamide, N-ethyl-
formamide, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidinone,
N-methylpyrrolidone, and N-vinylpyrrolidone; sulfur com-
pounds such as dimethylsulfone, ethylmethylsulfone, dieth-
ylsulfone, sulfolane, 3-methylsulfolane, and 2,4-dimethyl-
sulfolane; alcohols such as ethylene glycol, propylene glycol,
ethylene glycol monomethyl ether, and ethylene glycol
monoethyl ether; ethers such as ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, 1,4-dioxane, 1,3-diox-
olane, tetrahydrofuran, 2-methyltetrahydrofuran, 2,6-dim-
ethyltetrahydrofuran, and tetrahydropyrane; sulfoxides such
as dimethyl sulfoxide, methyl ethyl sulfoxide, and diethyl
sulfoxide; aromatic nitriles such as benzonitrile and toluni-
trile; nitromethane, 1,3-dimethyl-2-imidazolidinone, 1,3-
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone, 3-methyl-
2-oxazolidinone, etc., and preferably these solvents can be
used individually or in combination. Among these solvents,
carbonic acid esters, aliphatic esters, and ethers are more
preferable; and carbonates such as ethylene carbonate, and
propylene carbonate, and y-butyrolactone, y-valerolactone
are even more preferable.

The concentration of the electrolyte in the above-men-
tioned ion conductor is preferably 0.01 mol/dm? or higher and
not higher than the saturated concentration. If it is lower than
0.01 mol/dm?>, the ion conductivity is low and therefore, it is
not preferable. It is more preferably 0.1 mol/dm> or higher
and 2.5 mol/dm”> or lower.

In the case the ion-conductive material of the invention is
used as an electrolyte of a lithium ion battery, it is preferable
to dissolve the ion-conductive material in two or more kinds
of non-protonic solvents. In this case, it is preferable to pre-
pare an electrolyte solution by dissolving the ion-conductive
material in a mixed solvent of a non-protonic solvent with a
dielectric constant of 20 or higher and a non-protonic solvent
with a dielectric constant of 10 or lower among the above-
mentioned organic solvents.

In the case the ion-conductive material of the invention is
dissolved in the above-mentioned non-protonic solvent, for
example, propylene carbonate to obtain an electrolyte solu-
tion, the ion conductivity at 25° C. is preferably 0.5 mS/cm or
higher in a concentration of 1 mol/L. If the ion conductivity at
25°C. is lowerthan 0.5 mS/cm, the ion conductor obtained by
using the ion-conductive material of the invention is hard to
keep excellent ion conductivity for a long time and is difficult
to work stably in some cases. It is more preferably 1.0 mS/cm
or higher.
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The ion-conductive material of the invention is preferable
to have withstand voltage of 4 V to 500 V on the bases of
Ag/Ag*. Tt is more preferably 5 V to 500 V. As described
above, it is possible to show high withstand voltage by con-
taining an anion having highest occupied molecular orbital
energy level of 5.5 eV or lower calculated by employing the
molecular orbital computation method.

Hereinafter, (1) a lithium secondary battery, (2) an electro-
lyte capacitor, (3) an electric double layer capacitor, and (4) a
lithium ion capacitor among the electrochemical devices
using the ion conductor of the invention will be described
more in detail.

(1) Lithium Secondary Battery

A lithium secondary battery comprises a positive elec-
trode, a negative electrode, a separator inserted between the
positive electrode and the negative electrode, and an ion con-
ductor obtained by using the ion-conductive material of the
invention as basic constituent elements. In this case, the mate-
rial for an electrolyte solution of the invention contains a
lithium salt as an electrolyte. Such a lithium secondary bat-
tery is preferably a non-aqueous electrolytic lithium second-
ary battery, which is a lithium secondary battery containing
an electrolyte other than a water-based electrolyte. This
lithium secondary battery employs coke as a negative elec-
trode active material and a Co-containing compound as a
positive electrode active material, and in this lithium second-
ary battery, at the time of charge, reaction of C;Li—6C+Li+e
is caused at the negative electrode and the electrons (e) gen-
erated on the negative electrode surface are transferred to the
positive electrode surface in the electrolyte solution by ion
conduction, and reaction of CoO,+Li+e—LiCo0, is caused
at the positive electrode surface, and thus electric current
flows from the negative electrode to the positive electrode. At
the time of discharge, reverse reactions of the reactions at the
time of charge are caused and electric current flows from the
positive electrode to the negative electrode. In such a manner,
electricity is stored or supplied by chemical reactions ofions.

For the above-mentioned negative electrode, convention-
ally known materials to be used for the negative electrode can
be employed without any particular limit and usable
examples are carbon materials such as graphite, e.g. natural
graphite and artificial graphite, coke, and charcoal of organic
material; lithium alloys such as lithium-aluminum alloys,
lithium-magnesium alloys, lithium-indium alloys, lithium-
thallium alloys, lithium-lead alloys, and lithium-bismuth
alloys; and metal oxides and metal sulfides containing one or
more of titanium, tin, iron, molybdenum, niobium, vanadium,
zinc, etc. Among these substances, metal lithium and carbon
materials which can absorb and desorb alkali metal ion are
more preferable.

For the above-mentioned positive electrode, convention-
ally known materials to be used for the positive electrode can
be employed without any particular limit and usable
examples are lithium-containing transition metal oxides such
as LiCoO,, LiMnNO,, LiFeO,, and LiFePO,. The average
particle diameter of the positive electrode active material
particles is preferably 0.1 to 30 um.

(2) Electrolytic Capacitor

An electrolytic capacitor comprises a positive electrode
foil, a negative electrode foil, a sheet of electrolytic paper as
a separator inserted between the positive electrode foil and
the negative electrode foil, lead wires, and an ion conductor
obtained by using the ion-conductive material of the inven-
tion as basic constituent elements. As such an electrolytic
capacitor, an aluminum electrolytic capacitor is preferable.
Such an aluminum electrolytic capacitor is preferably those
containing, as a dielectric, a thin oxide coating (aluminium
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oxide) formed on the surface of an aluminum foil by electro-
lytic anodization, which is previously surface-roughened to
form fine unevenness by electrolytic etching.

(3) Electric Double Layer Capacitor

An electric double layer capacitor comprises a negative
electrode, a positive electrode and an ion conductor obtained
by using the ion-conductive material of the invention as a
basic constituent part and a preferable embodiment is those
obtained by involving an electrolyte solution which is the ion
conductor into electrode parts composed of a positive elec-
trode and a negative electrode set face to face.

Preferable examples of the above-mentioned negative
electrode are activated carbon, porous metal oxides, porous
metals, and conductive polymers. Preferable examples of the
above-mentioned positive electrode are activated carbon,
porous metal oxides, porous metals, and conductive poly-
mers.

(4) Lithium Ion Capacitor

A lithium ion capacitor is a capacitor based on the principle
of a common electric double layer capacitor and using a
carbon-based material capable of absorbing lithium ion as a
negative electrode material, and is provided with improved
energy density by adding lithium ion thereto, and has a struc-
ture formed by combining the negative electrode of a lithium
ion secondary battery, and the positive electrode of an electric
double layer capacitor based on different principles of charge
and discharge for the positive electrode and the negative
electrode.

Materials for the above-mentioned negative electrode are
preferably those which can absorb and desorb lithium ions.
Preferable examples of the materials which can absorb and
desorb lithium ions are thermally decomposed carbon; coke
such as pitch coke, needle coke, and petroleum coke; graph-
ite; glassy carbon; calcined organic polymer, which are
obtained by calcining and carbonizing phenol resins, furan
resins, and the like at a proper temperature; carbon fibers;
carbon materials such as activated carbon; polymers such as
polyacetylene, polypyrrole, and polyacene; lithium-contain-
ing transition metal oxides or transition metal sulfides such as
Li,/3Ti5/30,and TiS,; metals to be alloyed with alkali metals
such as Al, Pb, Sn, Bi, and Si; cubic system intermetallic
compounds having lattices in which alkali metals are inter-
calated such as Al1Sb, Mg, Si, and NiSi,; and lithium-nitrogen
compounds such as Li,,GN (G: a transition metal; {: a real
number exceeding 0 and lower than 0.8). One or more of these
substances may be used. Among these substances, carbon
materials are more preferable.

On the other hand, as the positive electrode, activated car-
bon, porous metal oxides, porous metals, and conductive
polymers are preferable. The ion conductor using the ion-
conductive material of the invention forms the electrolyte
solution put between the negative electrode and the positive
electrode.

EXAMPLES

Hereinafter, the invention will be described more con-
cretely with reference to Examples. However, it is not
intended that the invention be limited to the illustrated
Examples. Modifications and substitutions to specific process
conditions and structures can be made without departing from
the spirit and scope of the present invention.

[NMR Measurement]

'H-NMR and '*C-NMR spectra were measured by using
“Unity Plus” (400 MHz) manufactured by Varian and based
on the peak intensity of proton and carbon, the structure of
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each sample was analyzed. “Advance 400 M” (400 MHz)
manufactured by Bruker was employed for ''B—NMR spec-
tra measurement.

The content of impurities containing F atom was measured
by the following method. Using d6-DMSO as a solvent,
1B NMR measurement was carried out. The area of a peak
derived from B(CN), at -38 ppm in the obtained ' 'B—NMR
spectrum was defined as 100 mol % and this area of the peak
and the area of another peak (derived from an impurity) were
compared relatively to calculate the number of moles of the
impurity (mol percentage (mol %)).

[Measurement of Ion Conductivity]

Each ionic compound obtained in the following Examples
was dissolved in ,-butyrolactone (GBL) to produce an ionic
compound solution of 35 weight % concentration.

Using an impedance analyzer (“SI1260” manufactured by
Solartron) and a SUS electrode, the ion conductivity of the
ionic compound solution was measured at a temperature of
25° C. by a complex impedance method.

[Measurement of Potential Window |

A 35 weight % ionic compound solution was prepared in
the same manner as that in the ion conductivity measurement.

In 25° C. ambient atmosphere, the potential window was
measured by a cyclic voltammetry tool (“HSV-100”, manu-
factured by Hokuto Denko Corporation) using a tripolar cell
as an electrode. A glassy carbon electrode is used for a work-
ing electrode in the tripolar cell; a Pt electrode for an objective
electrode; and an Ag electrode for a reference electrode.
[Measurement of Thermal Decomposition Starting Tempera-
ture 1]

In an aluminum pan, 10 mg of each ionic compound
obtained by the following Synthesis Example was put and
elevated temperature at 5° C./min and the temperature when
the weight was decreased by 2% from the initial weight was
measured with a thermo gravimetry differential thermal ana-
lyzer (“EXSTAR 6000 TG/DTA”; manufactured by Seiko
Instrument Inc.).

Example 1

In Example 1, a tetracyanoborate-containing ionic com-
pound was synthesized using a cyanide M“(CN),, as a starting
material.

Synthesis Example 1-1:

Synthesis of Tetrabutylammonium Tetracyanoborate
(Bu,NTCB)

A 50 ml flask equipped with a stirring device, a dripping
funnel, and a reflux tube was purged with nitrogen and under
nitrogen atmosphere at room temperature, 5.1 g (15.8 mmol)
of tetrabutylammonium bromide, 9.26 g (78.9 mmol) of zinc
(II) cyanide, 10 ml of toluene and 2.8 g (11.2 mmol) of boron
tribromide were added and thereafter, the contents were
stirred for 2 days while being heated in an oil bath at 130° C.
After 2 days, toluene was removed from the flask in reduced
pressure to obtain a black solid. After pulverized with a mor-
tar, the obtained solid was put in a beaker equipped with
stirring device and 200 ml of chloroform was added twice to
extract the product to the chloroform layer. Next, the obtained
chloroform solution was transferred to a separatory funnel
and washed with 200 ml of water and thereafter, an organic
layer was separated and concentrated by an evaporator to
obtain an oily crude product. The crude product was refined
by column chromatography filled with neutral alumina (de-
veloping solvent, a mixed solution of diethyl ether and chlo-
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roform) and a fraction containing the product was separately

obtained and dried by removing the solvent to obtain tetrabu-

tylammonium tetracyanoborate, as a product (yellow solid,
produced amount: 1.4 g (3.9 mmol), yield: 35%, melting

point: 90° C.).

'H-NMR (d6-DMSO): 8 3.16 (m, 8H), 1.56 (m, 8H), 1.30
(ddq, J=11 Hz, J=11 Hz, J=7.2 Hz, 8H), 0.92 (t, J=7.2 Hz,
12H)

BC-NMR (d6-DMSO): & 121.9 (m), 57.7 (s), 39.1 (s),
19.4 (s), 13.7 (s)

"B NMR (d6-DMSO) 8 -39.6 (s)

Synthesis Example 1-2

Synthesis of 1-ethyl-3-Methylimidazolium
Tetracyanoborate EtMeImTCB)

The same operation as that of Synthesis Example 1-1 was
carried out except that 3.0 g (15.8 mmol) of 1-ethyl-3-meth-
ylimidazolium bromide was used in place of tetrabutylam-
monium bromide to obtain 1-ethyl-3-methylimidazolium tet-
racyanoborate (yellow oily material, produced amount: 1.0 g
(4.4 mmol), yield: 38%, melting point: 15° C.).

'"H-NMR (d6-DMSO) 3 8.41 (s, 1H),7.34 (d, J=21.6 Hz, 2H),

3.81 (s, 3H), 1.45 (t,J=7.2 Hz, 3H)

BC-NMR (d6-DMSO) § 136.5 (s), 132.2 (m), 122.9 (s),

45.8 (s), 36.8 (s), 15.4 (s)
1B NMR (d6-DMSO) & -39.6 (s)

Synthesis Example 1-3

Synthesis of Triethylammonium Tetracyanoborate
(EtHNTCB)

The same operation as that of Synthesis Example 1-1 was
carried out except that 2.9 g (15.8 mmol) of triethylammo-
nium bromide was used in place of tetrabutylammonium
bromide to obtain triethylammonium tetracyanoborate (yel-
low solid, produced amount: 1.0 g (4.5 mmol), yield: 40%,
melting point: 150° C.).

'"H-NMR (d6-DMS0) 3 8.83 (s, 1H), 3.10 (q, J=7.2 Hz, 6H),

1.17 (t, I=7.2 Hz, 9H)
3C-NMR (d6-DMSO) 8 121.9 (m), 46.0 (s), 8.8 (s)
1B NMR (d6-DMSO) & -39.6 (s)

Synthesis Example 1-4

Synthesis of Triethylmethylammonium
Tetracyanoborate (ET;MeNTCB)

The same operation as that of Synthesis Example 1-1 was
carried out except that 3.1 g (15.8 mmol) of triethymethyl-
lammonium bromide was used in place of tetrabutylammo-
nium bromide to obtain triethylmmethylammonium tetracy-
anoborate (yellow solid, produced amount: 1.2 g (5.0 mmol),
yield: 45%, melting point: 115° C.).

'"H-NMR (d6-DMSO0) 8 3.23 (q, ]=6.8 Hz, 6H), 2.86 (s, 3H),

1.18 (t, I=6.8 Hz, 9H)
3C-NMR (d6-DMSO0) § 122.5 (m), 55.2 (s), 46.2 (s), 7.7 (s)
1B NMR (d6-DMSO) & -39.6 (s)

Synthesis Example 1-5

Synthesis of Tetracthylammonium Tetracyanoborate
(Et,NTCB)

The same operation as that of Synthesis Example 1-1 was
carried out except that 3.3 g (15.8 mmol) of tetraethylammo-
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nium bromide was used in place of tetrabutylammonium

bromide to obtain tetracthylammonium tetracyanoborate

(vellow solid, produced amount: 1.1 g (4.5 mmol), yield:

40%).

'H-NMR (d6-DMS0) §3.21 (q, J=7.4 Hz, 8H), 1.50 (tt, I=7.4
Hz, 12H)

13C-NMR (d6-DMSO0) 8 121.9 (m), 51.5 (s), 7.4 (s)

1B NMR (d6-DMSO) 8 -39.6 (s)

Synthesis Example 1-6

Synthesis of Tetrabutylammonium Tetracyanoborate
(ELLNTCB)

The same operation as that of Synthesis Example 1-1 was
carried out except that 4.4 g (15.8 mmol) of tetraethylammo-
nium chloride was used in place of tetrabutylammonium bro-
mide to obtain tetraethylammonium tetracyanoborate (yel-
low solid, produced amount: 1.6 g (4.5 mmol), yield: 40%,
melting point: 90° C.).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 1-1.

Synthesis Example 1-7

Synthesis of Tetrabutylammonium Tetracyanoborate
(Bu,NTCB)

A 50 ml flask equipped with a stirring device, a dripping
funnel, and a reflux tube was purged with nitrogen and under
nitrogen atmosphere at room temperature, 5.1 g (15.8 mmol)
of tetrabutylammonium bromide, 9.26 g (78.9 mmol) of zinc
(II) cyanideand 11.2 ml (11.2 mmol) ofa p-xylene solution of
1.0 M boron trichloride were added and thereafter, the con-
tents were stirred for 2 days while being heated in an oil bath
at 150° C. After 2 days, the organic solvent was removed from
the flask in reduced pressure to obtain a black solid. After
pulverized with a mortar, the obtained solid was put in a
beaker equipped with stirring device and 200 ml of chloro-
form was added twice to extract the product to the chloroform
layer. Next, the obtained chloroform solution was transferred
to a separatory funnel and washed with 200 ml of water and
thereafter, an organic layer was separated and concentrated
by an evaporator to obtain an oily crude product. The crude
product was refined by column chromatography filled with
neutral alumina (developing solvent, a mixed solution of
diethyl ether and chloroform) and a fraction containing the
product was separately obtained and dried by removing the
solvent to obtain tetrabutylammonium tetracyanoborate, as a
product (yellow solid, produced amount: 2.4 g (6.8 mmol),
yield: 61%, melting point: 90° C.).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 1-1.

Synthesis Example 1-8

A 100 ml three-neck flask equipped with a stirring device,
a dripping funnel, and a reflux tube was loaded with 10.4 g
(160 mmol) of potassium cyanide, 10.2 g (32 mmol) of tet-
rabutylammonium bromide, 5.7 g (22.7 mmol) of boron tri-
bromide, and 18.9 g (205 mmol) of toluene at room tempera-
ture, and thereafter, the contents were stirred for 7 days while
being heated and refluxed in an oil bath at 130° C. After 7
days, toluene was removed from the flask in reduced pressure
and 100 ml of chloroform was added thereto and stirred for 30
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minutes at room temperature. Next, after the solution was
filtered to remove the precipitate, the filtrate was concentrated
to obtain an oily crude product. The crude product was refined
by column chromatography filled with neutral alumina (de-

44

measured with a thermo gravimetry differential thermal ana-
lyzer (“EXSTAR 6000 TG/DTA”, manufactured by Seiko
Instrument Inc.).

veloping solvent, diethyl ether: chloroform=1:1 (vol. ratio)). 3 TABLE 2
However, it was found that tetrabutylammonium tetre}cy- EMelm  EMelm Thermal
anoborate was not at all produced and tetrabutylammonium B(CN), BF, decomposition starting
bromide, a starting material, remained. (mol %)  (mol %) temperature (° C.)
Further, the above-menltlloned precipitate and the reﬁned 0 Experiment 100 0 S04
product were analyzed by -"B—NMR to find no peak derived Example 1
from tetracyanoborate. Experiment 97 3 289
: . : : _ Example 2
.The same reaction was trleq by changlng the reactlpn con Comparative 05 5 276
tainer to a sealed pressure resistant container (capacity: 100 Experiment
ml, inner cylinder of Teflon (registered trade name), made of Example 1
stainless steel), however, no product was obtained. Comparative o0 10 265
. . . . . Experiment
The respective various physical properties of the ionic Example 2
compounds obtained by the respective Synthesis Examples Comparative 75 25 262
were measured by the above-mentioned measurement meth- Experiment
ds and the results are shown in Table 1 Prample 3
ods and the results are shown in Table 1. 20 Comparative 50 50 261
Experiment
TABLE 1 Example 4
Thermal .
- decom- From Table 2, it can be understood that as the content of
Butyro- Ton position 25 fluorine atom-containing impurities was increased, the ther-
lactone  conduc-  starting . mal decomposition starting temperature was deceased and in
Compound - (part fivity  temper  Potential the case fluorine atom-containing impurities were contained
(part by by (S/cm) ature  window . . . .
mass) mass)  (25°C)  (°C) R%) in the ionic compound, the physpal property (heat resistance)
: of the ionic compound was deteriorated.
Synthesis Bu,NTCB 63 0.009 2100 =3.2~20 30 Pyrther, it can be understood that the thermal decomposi-
Example 1-1 35 . . FC t E . tal
Synthesis EMINTCB 65 0.021 330 24420 tion starting temperature o omparative  bBxperimenta
Example 1-2 35 Example 1 was lower by no less than 20° C. as compared with
Synthesis ~ EGHNTCB 65 0.018 285 -1.7~+20 that of Experimental Example 1 and when the content of F
Example 1-3 3 atom-containing impurities exceeds 5 mol %, the material
Synthesis ~ Et;MeNTCB 65 0.018 280 -3.0~420 55 - . . .
Example 1-4 35 durability under high temperature condition was consider-
Synthesis Et,NTCB 65 0.015 220 -3.0~42.0 ably deteriorated. It is supposedly attributed to that the impu-
Example 1-5 35 rities having B—F bond and contained in the ionic compound
were reacted with oxygen atoms of water and oxygen existing
From the above-mentioned results, according to the first 0 in air and d.ecomplosed. | 42 havine th i
production method of the invention, reaction was promoted at In Exper umenta Exap}p es 1 and 2 having the content of I
o o - atom-containing impurities of 3 mol % or lower, decrease of
a lower temperature (130° C. to 150° C.) than that in the case .. . .
. . . . . o the thermal decomposition starting temperature was little.
of using an alkali metal cyanide (reaction temperature: 250 .
. . . . . Further, from the results of Table 1, it can be understood the
C.). Further, without using costly trimethylsilyl cyanide, a . . -
Lo T product is preferably usable as an electrolytic solution mate-
tetracyanoborate-containing ionic compound could bewas 45 ;.
obtained stably.
Experimental Example 3
Experiment Examples 1 to 2 and Comparative
Experiment Exaniples 1 to 4 A resin composition was obtained by adding 10 parts by
50 weight of 1-ethyl-3-methylimidazolium tetracyanoborate as
The thermal decomposition starting temperature was mea- aconductivity supplying agent to 90 parts by weight of hydro-
sured for mixtures containing 1-ethyl-3-methylimidazolium gen-terminated ethylene oxide/propylene oxide copolymer
tetracyanoborate synthesized in Synthesis Example 1-2 and and heating and kneading the mixture at 70° C.
mixtures containing 1-ethyl-3-methylimidazolium tetrafluo- Next, 20 parts by weight of the obtained resin composition
roborate (EtMeImBF,), as an impurity (for organic synthesis, 55 was added to 100 parts by weight of a methyl methacrylate
made available by Wako Pure Chemical Industries, [.td.), in polymer (molecular weight; about 200,000), which is a ther-
the mixing ratio compositions shown in the following Table 2. moplastic resin, and the mixture was heated and kneaded at
The measurement was carried out by the following measure- 100° C. by atest roll apparatus (“HR-2 model”, manufactured
ment 2 of thermal decomposition starting temperature. The by Nisshin Kagaku Inc.) to obtain a sheet having an even
results are shown in Table 2. 60 thickness of 2 mm.
[Measurement of Thermal Decomposition Starting Tempera- When the surface resistance of the obtained sheet was
ture 2] measured by a surface resistance measurement device (“HT-
In an aluminum pan, 5 mg of each ionic compound having 2107, manufactured by Mitsubishi Chemical Corporation), it
a composition shown in the following Table 2 was put and was 9x107Q. No ionic compound bleeding was observed.
elevated temperature at 10° C./min to 230° C. and at 0.5° 65  From the results of Experimental Example 3, it is found

C./min from 230° C. t0 350° C. and the temperature when the
weight was decreased by 2% from the initial weight was

that the ionic compound of the invention could be used pref-
erably as a conductivity supplying agent.
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Experimental Example 4

The flow point, dynamic viscosity, and friction coefficient
of 1-ethyl-3-methylimidazolium tetracyanoborate synthe-
sized in Synthesis Example 1-2 were evaluated.

The flow point was evaluated according to JIS K2269-
1987. The observed flow point of EtMeImTCB was -20° C.
The dynamic viscosity was evaluated according to JIS
K2283-2000. The dynamic viscosity of EtMeImTCB at 40°
C. was 30 ¢St (3.0x10°m?s). The friction coefficient was
measured by a pendulum-type friction tester (“Soda pendu-
lum-type oiliness friction tester” manufactured by Shinko
Engineering Co., Ltd.). The friction coefficient of EtMe-
ImTCB was 0.16.

From the results of Experimental Example 4, it can be
understood that the ionic compound of the invention had
fluidity even in low temperature environments and also a low
friction coefficient and thus was suitable as a lubricant.

Since the content of F atoms and impurities containing F
atom was lowered to an extremely low level in the ionic
compound of the invention, in the case of being used for
various kinds of applications, the ionic compound exerts
stable characteristics (thermal, physical, and electrochemical
characteristics) without causing a problem such as corrosion
of peripheral members.

Example 2

In Synthesis Example 2, an ionic compound having tetra-
cyanoborate as an anion was synthesized by using an ammo-
nium cyanide compound as a starting material.

Raw Material Synthesis: Ammonium Cyanide Synthesis 1

To a 2 L flask equipped with a stirring device, and a drip-
ping funnel, 200 ml of methylene chloride and 67.6 g (200
mmol) of tetrabutylammonium sulfoxide were added and
stirred, then, 50 ml of an aqueous 4 M NaOH solution was
added to the resulting solution and stirred. After 10 g (204
mmol) of sodium cyanide previously dissolved in 20 ml of
water was dropwise added through a dripping funnel to the
obtained methylene chloride solution, the mixed solution was
stirred for 30 minutes at room temperature (25° C.). The
obtained suspension was filtered and the filtrate was concen-
trated to obtain 58.7 g of oily crude tetrabutylammonium
cyanide.

Synthesis Example 2-1

Tetrabutylammonium Tetracyanoborate (Bu,NTCB)
Synthesis 1

After a 50 ml flask equipped with a stirring device, a
dripping funnel, and a reflux condenser was purged with
nitrogen, and under nitrogen atmosphere at room temperature
0.64 g (2.0 mmol) of tetrabutylammonium bromide, 2.65 g
(9.9 mmol) of tetrabutylammonium cyanide, 0.35 g (1.4
mmol) of boron tribromide, and 1.4 ml of toluene were added,
the contents were stirred for 2 days while being heated in an
oil bath at 130° C. After 2 days, toluene was removed from the
flask in reduced pressure to obtain a black solid.

The black solid was put in a beaker equipped with a stirring
device, 100 ml of chloroform and 100 ml of water were added
thereto, the chloroform layer was extracted by a separatory
funnel and the chloroform layer was washed separately with
100 ml of water twice, and thereafter, the chloroform layer
was concentrated in reduced pressure to obtain an oily crude
product. The crude product was refined by column chroma-
tography filled with neutral alumina (developing solvent, a
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mixed solution of diethyl ether and chloroform) and a fraction
containing the product was separately obtained and dried by
removing the solvent to obtain tetrabutylammonium tetracy-
anoborate, as a product (yellow solid, produced amount: 0.39
g (1.4 mmol), yield: 77%, melting point: 90° C.).

The respective various physical properties of the obtained
tetrabutylammonium tetracyanoborate, which is an ionic
compound, were measured by the above-mentioned measure-
ment methods and the results are shown as follows. The
product showed an

NMR spectrum same as that of the product of Synthesis
Example 1-1.

Ton conductivity (25° C.): 0.009 S/cm

Thermal decomposition starting temperature: 210° C.

Potential Window: =32V t0 2.0V
'H-NMR (d6-DMSO): 83.16 (m, 8H), 1.56 (m, 8H),

1.30 (ddq, J=11 Hz, J=11 Hz, I=7.2 Hz, 8H), 0.92 (t, I=7.2

Hz, 12H)

I3C-.NMR (d6-DMSO): 8121.9 (m), 57.7 (s), 39.1 (),

19.4 (s), 13.7 (s)

"B NMR (d6-DMSO): 8-39.6 (s)

Synthesis Example 2-2
Tetrabutylammonium Tetracyanoborate Synthesis 2

The same operation as that of Synthesis Example 2-1 was
carried out, except that 1.4 ml (1.4 mmol, 1 M-p-xylene
solution, manufactured by Aldrich) of boron trichloride was
used in place of boron tribromide and no toluene was used to
obtain tetrabutylammonium tetracyanoborate, as a product
(vellow solid, produced amount: 0.21 g (0.6 mmol), yield:
42%, melting point: 90° C.).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 2-1.

Synthesis Example 2-3
Tetrabutylammonium Tetracyanoborate Synthesis 3

The same operation as that of Synthesis Example 2-2 was
carried out, except that no tetrabutylammonium bromide was
used to obtain tetrabutylammonium tetracyanoborate, as a
product (yellow solid, produced amount: 0.18 g (0.5 mmol),
yield: 35%, melting point: 90° C.).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 2-1.

Synthesis Example 2-4

Tetrabutylammonium tetracyanoborate (Bu,NTCB)
synthesis 4

After a 50 ml flask equipped with a stirring device, a
dripping funnel, and a reflux condenser was purged with
nitrogen, and under nitrogen atmosphere at room temperature
0.64 mg (2.0 mmol) of tetrabutylammonium bromide, 1.65 g
(6.2 mmol) of tetrabutylammonium cyanide, 0.20 g (1.4
mmol) of triethyl borate, and 1.4 ml of dimethylsulfoxide
were added, the contents were stirred for 2 days while being
heated in an oil bath at 170° C. After 2 days, the organic
solvent was removed from the flask in reduced pressure to
obtain a black solid.

The black solid was put in a beaker equipped with a stirring
device, 100 ml of chloroform and 100 ml of water were added
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thereto, the chloroform layer was extracted by a separatory
funnel and the chloroform layer was washed separately with
100 ml of water twice, and thereafter, the chloroform layer
was concentrated in reduced pressure to obtain an oily crude
product. The crude product was refined by column chroma-
tography filled with neutral alumina (developing solvent: a
mixed solution of diethyl ether and chloroform) and a fraction
containing the product was separately obtained and dried by
removing the solvent to obtain tetrabutylammonium tetracy-
anoborate, as a product (yellow solid, produced amount: 0.1 g
(0.3 mmol), yield: 20%, melting point: 90° C.).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 2-1.

Synthesis Example 2-5
Tetrabutylammonium Tetracyanoborate Synthesis 5

Aftera 2 L flask equipped with a stirring device, a dripping
funnel, and a reflux condenser was loaded with 58.7 g of
un-refined tetrabutylammonium cyanide obtained by raw
material synthesis and 11.6 g (36.3 mmol) of tetrabutylam-
monium bromide and purged with nitrogen, 26 ml (26 mmol)
of'a p-xylene solution of 1 M boron trichloride was dropwise
added to the flask through a dripping funnel at room tempera-
ture. While being heated at 150° C., the reaction solution was
stirred for 2 days and thereafter, the solvent was removed and
the obtained residue was refined by column chromatography
using neutral alumina as a packing material (developing sol-
vent: amixed solvent obtained by mixing dichloroethane and
diethyl etherat 1:1 (vol. ratio)) to obtain tetrabutylammonium
tetracyanoborate (produced amount: 3.2 g (9 mmol), yield:
35%).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 2-1.

Synthesis Example 2-6
Tetrabutylammonium Tetracyanoborate Synthesis 6

After a 50 ml flask equipped with a stirring device, a
dripping funnel, and a reflux condenser was purged with
nitrogen, and under nitrogen atmosphere and at room tem-
perature, 0.65 g (2.0 mmol) of tetrabutylammonium bromide,
2.98 g (11.0 mmol) of tetrabutylammonium cyanide, and 2.0
ml (2.0 mmol) of a p-xylene solution of 1 M boron trichloride
were added, the contents were stirred for 2 days while being
heated in an oil bath at 150° C. Thereafter, the solvent was
removed to obtain a black solid.

The obtained crude product was made to be an ethyl acetate
solution of 10 wt % and mixed with 2.1 g of activated carbon
(Carborafin (registered trade name)-6 manufactured by Japan
EnviroChemicals, Ltd.) and stirred for 30 minutes at room
temperature. Thereafter, the obtained activated carbon sus-
pension was filtered with a membrane filter (0.2 pm, made of
PTFE, hydrophilic), operation involving dispersing activated
carbon on the filter in 6.5 g of ethyl acetate, stirring the
obtained dispersion at 50° C. for 10 minutes and filtering the
dispersion again was repeated 5 times. Obtained filtrate and
washing solution were mixed and dried by removing the
solvent to obtain brown solid.

Next, the obtained brown solid was mixed with 0.7 g of
hydrogen peroxide (aqueous 30 wt % solution) and stirred for
60 minutes at 50° C. After 3 g of butyl acetate was added to the
obtained solution and stirred for 30 minutes at room tempera-
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ture to produce dispersion state, the dispersion was trans-
ferred to a container for centrifugal separation and then the
container was shaken for 90 seconds and subjected to cen-
trifugal separation (1700 rpm, 10 minutes). Thereafter, the
upper layer (butyl acetate layer) was concentrated and
obtained light yellow solid was coarsely dried for 30 minutes
at 80° C. in reduced pressure and the crude product was
pulverized with a mortar to obtain a powder. The powder was
spread on a tray and further dried for 3 days at 80° C. in
reduced pressure to obtain tetrabutylammonium tetracy-
anoborate, a desired product, (produced amount 0.36 g (1.0
mmol), yield 50%).

The product showed an NMR spectrum and various physi-
cal properties similar to those of the product of Synthesis
Example 2-1.

Synthesis Example 2-7

Triethylmethylammonium Tetracyanoborate
Synthesis

The same operation as that of Synthesis Example 2-6 was
carried out, except that 1.5.6 g (11 mmol) of triethylmethy-
lammonium cyanide was used in place of tetrabuthylammo-
nium cyanide and no tetrabuthylammonium bromide was
used to obtain triethylmethylammonium tetracyanoborate
(Et;MeNTCB), as a product (light yellow solid, produced
amount: 0.23 g (1 mmol), yield: 50%, melting point: 115°C.).
The product showed an NMR spectrum and various physical
properties similar to those of the product of Synthesis
Example 1-4.

According to the second production method of the inven-
tion, the ionic compound having tetracyanoborate can be
produced in reaction temperature condition of 200° C. or
lower. Further, without using costly trimethylsilane cyanide,
the ionic compound having tetracyanoborate is obtained.

Example 3

In Example 3, an ionic compound having tetracyanoborate
was synthesized by using an trimethylsilyl cyanide as a start-
ing material.

Synthesis Example 3-1

Triethylmethylammonium Tetracyanoborate
(Et;MeNTCB) Synthesis 1

To a 1 L eggplant flask equipped with a stirring device, a
reflux condenser, a discharge device, and dripping funnel,
30.3 g (200 mmol) of previously heated and dried triethylm-
ethylammonium chloride (Et;MeNCl) was added. After the
container was purged with nitrogen, 109.0 g (1100 mm) of
trimethylsilyl cyanide (TMSCN) was added at room tempera-
ture and stirred and mixed. Next, 200 mL (200 mmol) of a
p-xylene solution of 1 mol/L. boron trichloride was gradually
and dropwise added through the dripping funnel. On comple-
tion of the dropwise addition, the reaction container was
heated to 150° C. and reaction was carried out while trimeth-
ylsilyl chloride (TMSCI, boiling point: about 57° C.) gener-
ated as a byproduct being discharged through a reflux dis-
charge part.

After 30 hour heating and stirring, the inside pressure of the
reaction container was reduced by a diaphragm pump and a
p-xylene solution of TMSCN was removed through the reflux
discharge part. Thereafter, 45 g of the crude product and 225
g of ethyl acetate were put in a 500 mL beaker equipped with
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a stirring device and stirred for 5 minutes for dissolution and
135 g of activated carbon (Carborafin (registered trade
name)-6 manufactured by Japan EnviroChemicals, [td.) was
added thereto and stirred for 10 minutes. The obtained acti-
vated carbon suspension was filtered with a membrane filter
(0.2 um, made of PTFE) and the solvent was removed and
obtained product was dried to obtain triethylmethylammo-
nium tetracyanoborate, an desired product, (light yellow
solid) (produced amount: 37.9 g (164 mmol), yield: 82%,
melting point: 115° C.).

The various physical properties of the obtained triethylm-
ethylammonium tetracyanoborate were measured by the
above-mentioned measurement methods. The results are as
follows.

Ion conductivity (25° C.): 0.018 S/cm

Thermal decomposition starting temperature: 280° C.

Potential window: -3.2V1t0 2.0V
'H-NMR(d6-DMSO) & 3.23(q,J=6.8 Hz,6H), 2.86(s,3H),

1.18(t,J=6.8 Hz,9H)
13C-NMR(d6-DMSO) § 112.5(m), 55.2(s), 46.2(s), 7.7(s)
B NMR(d6-DMSO) 8 -39.6(s)

Synthesis Example 3-2

Triethylmethylammonium Tetracyanoborate
Synthesis 2

Triethylmethylammonium tetracyanoborate (liquid yellow
solid) was obtained in the same manner as that in Synthesis
Example 3-1, except that refining was carried out by column
chromatography in place of activated carbon filtration (pro-
duced amount: 37.9 g (164 mmol), yield: 82%, melting point:
115° C)).

The refining method was as follows: 45 g of the crude
product and 20 mL of a mixed solution of methylene chloride
and acetonitrile (4:1 (vol. ratio)) were added to a 500 mL
beaker and stirred for 5 minutes for dissolution. Next, refining
was carried out by column chromatography using aluminum
oxide (450 cc) as a fixed phase and a mixed solvent of meth-
ylene chloride and acetonitrile (4:1 (vol. ratio), 2.5 L) as a
moving phase to obtain triethylmethylammonium tetracy-
anoborate, an desired product. The product showed an NMR
spectrum and various physical properties same as those of the
product of Synthesis Example 3-1.

Synthesis Example 3-3

Tetrabutylammonium Tetracyanoborate (Bu,NTCB)
Synthesis

Tetrabutylammonium tetracyanoborate (white solid) as a
desired product was obtained in the same manner as that in
Synthesis Example 3-1, except that 64.5 g (200 mmol) of
tetrabutylammonium bromide was employed in place of
Et;MeNCl employed in Synthesis Example 3-1 (produced
amount: 60.0 g (196 mmol), yield: 98%, melting point: 90°
C.). The product showed an NMR spectrum and various
physical properties similar to those of the product of Synthe-
sis Example 1-1.

ITon conductivity (25° C.): 0.009 S/cm

Thermal decomposition starting temperature: 210° C.

Potential window: -3.2V1t0 2.0V

Synthesis Example 3-4

1-ethyl-3-Methylimidazolium Tetracyanoborate
(EtMelmTCB) Synthesis

As a desired product, 1-ethyl-3-methylimidazolium tetra-
cyanoborate (light yellow liquid) was obtained in the same

10

15

20

25

35

40

45

50

55

60

50

manner as that in Synthesis Example 3-1, except that 38.2 g
(200 mmol) of 1-ethyl-3-methylimidazolium bromide was
employed in place of Et;MeNCl (produced amount: 24.9 g
(110 mmol), yield: 55%, melting point: 15° C.). The product
showed an NMR spectrum and various physical properties
similar to those of the product of Synthesis Example 1-2.

Ion conductivity (25° C.): 0.021 S/cm

Thermal decomposition starting temperature: 330° C.

Potential window: -2.4Vt0 2.0V

Synthesis Example 3-5

Triethylammonium Tetracyanoborate (Et;NHTCB)
Synthesis 1

Triethylammonium tetracyanoborate (light yellow liquid),
as a desired product, was obtained in the same manner as that
in Synthesis Example 3-1, except that 20.2 g (200 mmol) of
triethylamine was employed in place of Et;MeNCl (produced
amount: 23.8 g (110 mmol), yield: 60%, melting point: 150°
C.). The product showed an NMR spectrum and various
physical properties similar to those of the product of Synthe-
sis Example 1-3.

Ton conductivity (25° C.): 0.018 S/cm

Thermal decomposition starting temperature: 285° C.

Potential window: -1.7Vt0 2.0V

Synthesis Example 3-6

Triethylammonium Tetracyanoborate (Et;NHTCB)
Synthesis 2

Triethylammonium tetracyanoborate (light yellow liquid),
as a product, was obtained in the same manner as that in
Synthesis Example 3-1, except that 27.5 g (200 mmol) of
triethylammonium chloride was employed in place of
Et;MeNCl (produced amount: 23.8 g (110 mmol), yield:
60%, melting point: 150° C.). The product showed an NMR
spectrum and various physical properties similar to those of
the product of Synthesis Example 3-5.

Synthesis Example 3-7

Tetracthylammonium Tetracyanoborate (Et,NTCB)
Synthesis 1

Tetraethylammonium tetracyanoborate (white solid), as a
product, was obtained in the same manner as that in Synthesis
Example 3-1, except that 33.1 g (200 mmol) of tetracthylam-
monium chloride was employed in place of Et;MeNCl (pro-
duced amount: 46.6 g (190 mmol), yield: 95%, melting point:
150° C.). The product showed an NMR spectrum and various
physical properties similar to those of the product of Synthe-
sis Example 1-5.

Ton conductivity (25° C.): 0.015 S/cm

Thermal decomposition starting temperature: 220° C.

Potential window: -3.0V t0 2.0V

Synthesis Example 3-8

Triethylmethylammonium Tetracyanoborate
Synthesis 3

The same operation as that of Synthesis Example 3-1 was
carried out, except that a 1 L. pressure-resistant container
(made of stainless steel, usable in pressurized condition at 5
kPa) was used in place of the eggplant flask and TMSCI
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generated as a byproduct during the reaction was not
extracted to obtain light yellow solid triethylmethylammo-
nium tetracyanoborate (produced amount: 33.3 g (144
mmol), yield: 72%, melting point: 115° C.) as a product. The
obtained product showed an NMR spectrum and various
physical properties similar to those of the product of Synthe-
sis Example 3-1.

Synthesis Example 3-9

Tetrabutylammonium Tetracyanoborate (Bu,NTCB)
Synthesis 2

Tetrabutylammonium tetracyanoborate (white solid), as a
product, was obtained in the same manner as that in Synthesis
Example 3-3, except that 20.8 g (200 mmol) of trimethyl
borate was employed in place of boron trichloride and the
reaction container was heated to 170° C. (produced amount:
50.0 g (140 mmol), yield: 70%, melting point: 90° C.). The
product showed an NMR spectrum and various physical
properties similar to those of the product of Synthesis
Example 3-3.

Synthesis Example 3-10

Tetrabutylammonium Tetracyanoborate (Bu,NTCB)
Synthesis 3

Tetrabutylammonium tetracyanoborate (white solid), as a
product, was obtained in the same manner as that in Synthesis
Example 3-3, except that 29.2 g (200 mmol) of triethyl borate
was employed in place of boron trichloride and the reaction
container was heated to 170° C. (produced amount: 50.0 g
(140 mmol), yield: 70%, melting point: 90° C.). The product
showed an NMR spectrum and various physical properties
similar to those of the product of Synthesis Example 3-3.

Synthesis Example 3-11

Tetrabutylammonium Tetracyanoborate (Bu,NTCB)
Synthesis 4

Tetrabutylammonium tetracyanoborate (white solid), as a
product, was obtained in the same manner as that in Synthesis
Example 3-3, except that 28.4 g (200 mmol) of boron trifluo-
ride diethyl ether complex was employed in place of boron
trichloride and the reaction container was heated to 170° C.
(produced amount: 53.6 g (150 mmol), yield: 75%, melting
point: 90° C.). The product showed an NMR spectrum and
various physical properties similar to those of the product of
Synthesis Example 3-3.

Synthesis Example 3-12

Triethylmethylammonium Tetracyanoborate
Synthesis 4

Triethylmethylammonium tetracyanoborate (light yellow
solid), as a product, was obtained in the same manner as that
in Synthesis Example 3-1, except that butyl acetate was
employedinplace of p-xylene (produced amount: 27.7 g (120
mmol), yield: 55%, melting point: 115° C.). The product
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showed an NMR spectrum and various physical properties
similar to those of the product of Synthesis Example 3-1.

Synthesis Example 3-13

Triethylmethylammonium Tetracyanoborate
Synthesis 5

Reaction same as Synthesis Example 3-1 was carried out
and 69.5 g (640 mmol) of TMSCI discharged out through the
reflux discharge part was added to a flask (capacity 500 mL)
equipped with a stirring device and then 64.7 g (640 mmol) of
triethylamine and 17.3 g (640 mmol) of hydrogen cyanide
were added at room temperature (25° C.) and stirred over-
night. The obtained product was distilled to obtain TMSCN
(colorless liquid, produced amount: 57.1 g (576 mmol), yield:
90%).

Triethylmethylammonium tetracyanoborate was obtained
in the same manner as that in Synthesis Example 3-1, except
that 52.1 g (525 mmol) of TMSCN obtained by using TMSCI,
areaction byproduct, as a raw material and 12.3 g (105 mmol)
of BCl; and 15.9 g (105 mmol) of TEMACI were used (pro-
duced amount: 19.8 g (86 mmol), yield: 82%, melting point:
115° C.). The obtained product showed an NMR spectrum
and various physical properties similar to those of the product
of Synthesis Example 3-1.

Synthesis Example 3-14
Tetramethylammonium Tetracyanoborate Synthesis

Tetramethylammonium tetracyanoborate (white solid), as
a product, was obtained in the same manner as that in Syn-
thesis Example 3-1, except that 21.9 g (200 mmol) of tetram-
ethylammonium chloride was employed in place of
Et;MeNCl (produced amount: 26.5 g (140 mmol), yield:
70%,).
'H-NMR(d6-DMSO) 8 3.08(s, 12H)
13C-NMR(d6-DMSO) § 121.9(m), 55.3(s)
"B NMR(d6-DMSO) 8 -39.6(s)

Synthesis Example 3-15
Ammonium Tetracyanoborate Synthesis

Ammonium tetracyanoborate (white solid), as a product,
was obtained in the same manner as that in Synthesis
Example 3-1, except that 10.7 g (200 mmol) of ammonium
chloride was employed in place of Et;MeNCl (produced
amount: 8.0 g (60 mmol), yield: 30%,).
'H-NMR(d6-DMSO) 8 6~7(broad,4H)
13C-NMR(d6-DMSO) 8 121.9(m)
1B NMR(d6-DMSO) § -39.6(5)

Synthesis Example 3-16
Tributylammonium Tetracyanoborate Synthesis

Tributylammonium tetracyanoborate (yellow solid), as a
product, was obtained in the same manner as that in Synthesis
Example 3-1, except that 44.4 g (200 mmol) of tributylam-
monium chloride was employed in place of Et;MeNCl (pro-
duced amount: 48.2 g (160 mmol), yield: 80%).
'H-NMR(d6-DMSO) § 2.98(m,6H), 1.4~1.8(m,6H), 1.2~1.3

(m,6H), 0.94(m,9H)
13C-NMR(d6-DMSO) 8 121.9(m), 52.7(s), 26.2(s), 20.3(s),

14.4(s)

"B NMR(d6-DMSO) 8 -39.6(s)
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Synthesis Example 3-17

Lithium Tetracyanoborate Synthesis

A beaker having a capacity of 500 mL and equipped with a
stirring device was loaded with 48.2 g (160 mmol) of tribu-
tylammonium tetracyanoborate obtained by Synthesis
Example 3-16, 200 g of butyl acetate, 4.6 g (192 mmol) of
lithium hydroxide monohydrate, and 200 g of ultrapure water
and the contents were stirred for 1 hour. Thereafter, the mixed
solution was transferred to a separatory funnel and kept still
and the mixed solution was separated into two layers.
Between the layers, the lower layer (water layer) was sepa-
rated and concentrated to give a light yellow solid, the
obtained light yellow solid was mixed with 200 g of acetoni-
trile and stirred. Successively, the obtained solution was fil-
tered with a membrane filter (0.2 um, made of PTFE) and
solvent was evaporated to obtain lithium tetracyanoborate
(white solid), a desired product (produced amount: 13.6 g
(112 mmol), yield: 70%).

"Li-NMR(d6-DMS0)3 0.02(s)
3C-NMR(d6-DMS0)3 121.9(m)
1B NMR(d6-DMS0)8 -39.6(s)

Synthesis Example 3-18

Triethylmethylammonium Tetracyanoborate
Synthesis 6

The same reaction as that in Synthesis Example 3-1 was
carried out, and 69.5 g (640 mmol) of TMSCI extracted
through the reflux discharge part was added to a flask (capac-
ity 500 mL.) equipped with a stirring device and next, 103.2 g
(640 mmol) ofhexamethyldisilazane and 51.9 g (1919 mmol)
of hydrogen cyanide were added and the mixture was stirred
overnight. The obtained product was distilled to obtain
TMSCN (colorless liquid, produced amount: 171.4 g (1727
mmol), yield: 90%).

Triethylmethylammonium tetracyanoborate was obtained
in the same manner as that in Synthesis Example 3-1, except
that 52.1 g (525 mmol) of TMSCN obtained by using TMSCI,
areaction byproduct, as a raw material and 12.3 g (105 mmol)
of boron trichloride, and 15.9 g (105 mmol) of Et;MeNCl
were used (light yellow solid, produced amount: 19.8 g (86
mmol), yield: 82%, melting point: 115° C.). The obtained
product showed an NMR spectrum and various physical
properties similar to those of the product of Synthesis
Example 3-1.

Synthesis Example 3-19

Trimethylsilylammonium Tetracyanoborate
(Me,SiTCB) Synthesis 1

Trimethylsilylammonium tetracyanoborate, as a product,
was obtained in the same manner as that in Synthesis
Example 3-1, except that no Et;MeNCl was employed. Pro-
duced amount was 1.9 g (10 mmol), and yield was 90%.

Synthesis Example 3-20

Triethylmethylammonium Tetracyanoborate
Synthesis 7

The same operation as that of Synthesis Example 3-1 was
carried out, except that 71.6 g (1100 mmol) of potassium
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cyanide was used in place of trimethylsilyl cyanide, however
triethylmethylammonium tetracyanoborate, an desired prod-
uct, was not at all obtained.

In the third production method of the invention, since the
activity deterioration of reaction by a reaction byproduct is
hardly caused, an ionic compound containing tetracyanobo-
rate ion can be produced at a higher yield as compared that by
a conventional method. Further, in the case an ammonium salt
is used, an ionic compound containing an organic cation can
be produced in one step.

Synthesis Example 3-21
Tributylammonium Tetracyanoborate Synthesis 2

The same operation as that of Synthesis Example 3-16 was
carried out except that 42.5 g (200 mmol) of tributylammo-
nium cyanide in place of tetrabutylammonium chloride, and
84.8 g (855 mmol) of trimethylsilyl cyanide were used to
obtain yellow solid tributylammonium tetracyanoborate as a
product (produced amount: 42.5 g (141 mmol), yield: 75%).
The obtained product showed an NMR spectrum and various
physical properties similar to those of the product of Synthe-
sis Example 3-16.

Example 4

In Example 4, an ionic compound having tetracyanoborate
as an anion was synthesized by using hydrogen cyanide
(HCN) as a starting material.

Synthesis Example 4-1
Tributylammonium Tetracyanoborate Synthesis

A 200 ml three-neck flask equipped with a heating device,
a stirring device and a reflux condenser was purged with
nitrogen and 10.2 g (55 mmol) of tributylamine and 1.49 g (55
mmol) of hydrogen cyanide were added at room temperature
and stirred for 1 hour. Successively, 1.17 g (10 mmol) of
boron trichloride and 100 ml of p-xylene were further added
and the contents were heated and refluxed for 2 days at 150°
C. After 30 g of butyl acetate was added to the obtained black
solution and stirred at room temperature, 9 g of activated
carbon (Carborafin (registered trade name)-6 manufactured
by Japan EnviroChemicals, [.td.) was added thereto and
stirred for 20 minutes at room temperature. The obtained
activated carbon suspension was filtered with a membrane
filter (0.5 um, made of PTFE) and operation involving wash-
ing activated carbon on the filter with 30 g of butyl acetate was
repeated 5 times. Obtained filtrate and washing solution were
mixed and dried by removing the solvent to obtain black
solid.

Next, the obtained black solid was mixed with 8 g of
hydrogen peroxide water and stirred for 1 hour at 50° C.,
thereafter, 40 g of butyl acetate was added to the obtained
solution and stirred further for 20 minutes at room tempera-
ture and the solution was kept still for 10 minutes and suc-
cessively, the butyl acetate layer was separated, removed the
solvent therefrom and dried to obtain an oily brown tributy-
lammonium tetracyanoborate (Bu;NHTCB) (produced
amount 1.21 g (4 mmol), yield 40%).
'"H-NMR(d6-DMS0)d 8.8 (br, 1H), 2.99 (dd,J=8.0

Hz,J=16.4 Hz,6H), 1.52 (m,6H), 1.28 (m,6H), 0.88 (m,9H)
13C-NMR(d6-DMS0)3 121.9 (m), 46.0 (s), 8.8 (5)

"B NMR(d6-DMS0)8 -39.6 (s)
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Synthesis Example 4-2

Triethylammonium Tetracyanoborate Synthesis

Triethylammonium tetracyanoborate was obtained in the
same manner as that in Synthesis Example 4-1, except that
5.58 g (55 mmol) of triethylamine was employed in place of
tributylamine (brown solid, produced amount: 0.65 g (3
mmol), yield: 30%). The NMR data of the obtained triethy-
lammonium tetracyanoborate is indicated below. The various
physical properties measured by the above-mentioned mea-
surement methods are as follows.

Ion conductivity (25° C.): 0.018 S/cm

Thermal decomposition starting temperature: 285° C.

Potential window: -1.7Vt0 2.0V
'H-NMR(d6-DMSO) & 8.83 (s,1H), 3.10 (q,J=7.2 Hz,6H),

1.17 (t,J=7.2 Hz,9H)
3C-NMR(d6-DMSO0) 8 121.9 (m), 46.0 (s), 8.8 (s)
1B NMR(d6-DMSO) & -39.6 (s)

According to the invention, an ionic compound containing
tetracyanoborate can be obtained by using economical hydro-
gen cyanide as a starting material.

According to the fourth production method of the inven-
tion, since hydrogen cyanide is used as a cyanide source, an
ionic compound containing tetracyanoborate can be obtained
economically as compared with a conventional method.

Example 5

In Example 5, the amount of impurities contained in each
ionic compound obtained by the following Synthesis
Examples 5 to 11 was measured. Measurement methods of
the respective type impurities are as follows.

[Measurement of Metal Component Content]
(1) Measurement by ICP (Measurement of Na and Si)

Each 2 g of respective ionic compounds obtained by the
following Synthesis Examples 5 to 11 were diluted with
ultrapure water (higher than 18.2 ©-cm) 10 to 100 times as
much to obtain measurement solutions, and amounts of Na
and Si contained in each ionic compound were measured by
using an ICP emission spectrophotometer ICPE-9000 (manu-
factured by Shimadzu Corporation).

(2) Measurement by Ion Chromatography (Measurement of
Halide Ions)

Each 0.3 g of respective ionic compounds obtained by the
following Synthesis Examples were diluted with ultrapure
water (higher than 18.2 Q-cm) 100 to 1000 times as much to
obtain measurement solutions, and the amount of halide ions
contained in each ionic compound was measured by usingion
chromatography system ICS-3000 (manufactured by Nippon
Dionex K.K.).

Separation mode: ion exchange

Detector: Electric conductivity detector CD-20

Column: Anion analysis column AS 17-C (manufactured
by Nippon Dionex K.K.).

(3) Measurement by Ion Chromatography (Measurement of
CN")

Each 0.1 g of respective ionic compounds obtained by the
following Synthesis Examples were diluted with ultrapure
water (higher than 18.2 Q-cm) 10000 times as much to obtain
measurement solutions, and the amount of cyanide ion (CN™)
contained in each ionic compound was measured by usingion
chromatography system 1CS-1500 (manufactured by Japan
Dionex Co., Ltd.).

Separation mode: ion exchange

Eluent: 10 mmol aqueous H,SO, solution

Regeneration solution: 0.5 mmol aqueous NaOH solution

Detector: Electrochemical detector ED-50A

Column: Anion analysis column ICE-AS1
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[Water Measurement |

The amount of water in each sample was measured by
using water measurement apparatus “AQ-2000" manufac-
tured by Hiranuma Sangyo Co., Ltd. The sample injection
amount was 0.1 ml and “Hydranal Aqualite RS-A” (commer-
cialized by Hiranuma Sangyo Co., [td.) was used as an
anolyte and “Aqualite CN” was used as a catholyte (manu-
factured by Kanto Chemical Co., Inc.). Each sample was
injected through a sample injection inlet by using an injection
syringe for avoiding contact with atmospheric air.

Hereinafter, in Synthesis Example 5, ionic compound syn-
thesis was carried out by using starting materials containing
trimethylsilyl cyanide.

Synthesis Example 5
Synthesis Example 5-1

Triethylmethylammonium Tetracyanoborate
Synthesis

<Synthesis of Crude Production>

A 1 L eggplant flask equipped with a stirring device, a
reflux condenser, a discharge device, and dripping funnel was
loaded with 30.3 g (200 mmol) of previously heated and dried
triethylmethylammonium chloride (Et;MeNCl). After the
container was purged with nitrogen, 109.0 g (1100 mm) of
trimethylsilyl cyanide (TMSCN) was added at room tempera-
ture and stirred and mixed. Next, 200 mL (200 mmol) of a
p-xylene solution of 1 mol/LL boron trichloride (BCl;) was
gradually and dropwise added through the dripping funnel.
On completion of the dropwise addition, the reaction con-
tainer was heated to 150° C. and reaction was carried out
while trimethylsilyl chloride (TMSCI, boiling point: about
57° C.) generated as a byproduct being discharged through a
reflux discharge part.

After 30 hour heating and stirring, the inside pressure of the
reaction container was reduced by a diaphragm pump and a
p-xylene solution of TMSCN was removed through the reflux
discharge part. In the container, crude triethylmethylammo-
nium tetracyanoborate (Et; MeNTCB) was produced.
<Activated Carbon Treatment>

Next, 46.0 g of the obtained crude product was dissolved in
ethyl acetate in a 500 mL beaker equipped with a stirring
device to obtain a 10 wt % ethyl acetate solution, and 65 g of
activated carbon (Carborafin (registered trade name) manu-
factured by Japan EnviroChemicals, [td.) was added thereto
and heated by a water bath until the inner temperature became
50° C. Successively, after being stirred for 10 minutes at 50°
C., the obtained activated carbon suspension was filtered with
a membrane filter (0.2 um, made of PTFE). With respect to
activated carbon on the filter, operation involving suspending
the activated carbon in ethyl acetate of a weight 3 times as
much as that of the crude product and washing the crude
product by stirring the suspension for 10 minutes at 50° C.
was repeated 5 times. Obtained filtrate and washing solution
were mixed and after the ethyl acetate was removed in
reduced pressure, the obtained product was heat-dried at 50°
C. in vacuum to obtain a light yellow solid of Et;MeNTCB
(produced amount: 37 g (160 mmol), yield: 80%, melting
point: 115° C.).
<Oxidizing Agent Treatment>

The obtained Et;MeNTCB and hydrogen peroxide (aque-
ous 30 wt % H,O, solution) in a weight 2.25 time as much as
that of Et;MeNTCB were added to a beaker equipped with a
stirring device and a reflux condenser, and stirred for 60
minutes at 50° C.
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<Extraction Treatment>

Next, butyl acetate in a weight 9 times as much as that of
Et;MeNTCB, which had been subjected to the activated car-
bon treatment, was added to the H,O, solution of
Et;MeNTCB and the mixed solution was stirred. Thereafter,
the mixed solution was transferred to a container (capacity:
1000 mL) for centrifugal separation and then the container
was shaken for 90 seconds and subjected to centrifugal sepa-
ration (1700 rpm, 10 minutes). The obtained butyl acetate
layer (supernatant, an organic layer) was concentrated.
<Dry>

The butyl acetate layer containing Et;MeNTCB which was
obtained by the extraction treatment was further heated for 30
minutes (80° C.) in reduced pressure and the coarsely dried
Et;MeNTCB was pulverized with a mortar to obtain a pow-
der. The obtained powder was spread on a tray on which a
Teflon (registered trade name) sheet was spread and set in a
vacuum drier and dried for 3 days at 80° C. in reduced pres-
sure.

The NMR analysis results of the obtained Et; MeNTCB are
shown below. The ion component amounts in Et;MeNTCB
measured by the above-mentioned method are shown in Table
1. The product showed an NMR spectrum same as that of
Synthesis Example 1-4.

Synthesis Example 5-2

The same operation as that of Synthesis Example 5-1 was
carried out except that, in the oxidizing agent treatment, 83
mL of an aqueous. 30 weight % sodium perchlorate solution
was used in place of hydrogen peroxide solution to synthesize
Et;MeNTCB.

Synthesis Example 5-3

Et;MeNTCB was synthesized in the same manner as that in
Synthesis Example 5-1, except that no activated carbon treat-
ment was carried out after the synthesis of cude product.

Synthesis Example 5-4

Et;MeNTCB synthesized in Synthesis Example 5-1 after
the activated carbon treatment was used as a measurement
sample.

Synthesis Example 5-5

Et;MeNTCB in amount of 46 g produced in Synthesis
Example 5-1 before the activated carbon treatment was mixed
with 104 ml of aqueous 0.01 mol/L. NaOH solution and stirred
for 60 minutes at 50° C. Next, butyl acetate in a weight 9 times
as much as that of Et;MeNTCB was added to the NaOH
solution of Et;MeNTCB and extraction treatment was carried
out in the same manner as in Synthesis Example 5-1 to syn-
thesize Et;MeNTCB (without activated carbon treatment and
oxidizing agent treatment).

Synthesis Example 6
Synthesis Example 6-1
Tetrabutylammonium tetracyanoborate synthesis
As a product, a white solid tetrabutylammonium tetracy-
anoborate (Bu,NTCB) was obtained by synthesis of a crude

product and activated carbon treatment in the same manner as
in Synthesis Example 5-1, except that 64.5 g (200 mmol) of
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tetrabutylammonium bromide was used in place of
Et;MeNCl used in Synthesis Example 5 (produced amount;
60.0 g (164 mmol), yield: 82%, melting point: 90° C.). The
product showed an NMR spectrum same as that of Synthesis
Example 1-1.

Synthesis Example 6-2

Bu,NTCB obtained in Synthesis Example 6-1 was mixed
with hydrogen peroxide solution (aqueous 30 wt % H,O,
solution) in a weight 2.25 times as much as that of Bu,NTCB
and stirred for 60 minutes at 50° C. Thereafter, extraction and
drying treatment were carried out in the same manner as in
Synthesis Example 5-1 to obtain a white solid of Bu,NTCB.
(produced amount; 45 g (120 mmol), yield: 62%).

Synthesis Example 7
Synthesis Example 7-1

1-Ethyl-3-Methylimidazolium Tetracyanoborate
Synthesis

Synthesis of a crude product and activated carbon treat-
ment were carried out in the same manner as in Synthesis
Example 5-1, except that 38.2 g (200 mmol) of 1-ethyl-3-
methylimidazolium bromide was used in place of Et; MeNCl
to obtain a light yellow oil of 1-ethyl-3-methylimidazolium
tetracyanoborate (EtMeImTCB) as a product (produced
amount; 24.9 g (110 mmol), yield: 55%, melting point: 15°
C.). The product showed an NMR spectrum same as that of
Synthesis Example 1-2.

Synthesis Example 7-2

EtMeImTCB obtained in Synthesis Example 7-1 was
mixed with hydrogen peroxide solution (aqueous 30 wt %
H,0, solution) in a weight 2.25 times as much as that of
EtMeImTCB and stirred for 60 minutes at 50° C. Thereafter,
extraction and drying treatment were carried out in the same
manner as in Experiment Example 1-1 to obtain a light yellow
oil of EtMeImTCB (produced amount; 18 g (80 mmol), yield:
40%).

Synthesis Example 8
Synthesis Example 8-1
Triethylammonium Tetracyanoborate Synthesis

Synthesis of a crude product and activated carbon treat-
ment were carried out in the same manner as in Synthesis
Example 5-1, except that 20.2 g (200 mmol) of triethylamine
was used in place of Et;MeNCl to obtain a light yellow solid
of triethylammonium tetracyanoborate (Et;NHTCB) as a
product (produced amount; 23.8 g (110 mmol), yield: 60%,
melting point: 150° C. The product showed an NMR spec-
trum same as that of Synthesis Example 1-3.

Synthesis Example 8-2

Et;NHTCB obtained in Synthesis Example 8-1 was mixed
with hydrogen peroxide solution (aqueous 30 wt % H,O,
solution) in a weight 2.25 times as much as that of Et; NHTCB
and stirred for 60 minutes at 50° C. Thereafter, extraction and
drying treatment were carried out in the same manner as in
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Synthesis Example 5-1 to obtain a light yellow solid of
Et,NHTCB (produced amount; 17 g (80 mmol), yield: 40%).

Synthesis Example 9
Synthesis Example 9-1
Tetraethylammonium Tetracyanoborate Synthesis

Synthesis of a crude product and activated carbon treat-
ment were carried out in the same manner as in Synthesis
Example 5-1, except that 33.1 g (200 mmol) of tetracthylam-
monium chloride was used in place of Et;MeNCl to obtain a
white solid of tetracthylammonium tetracyanoborate
(Et,NTCB) as a product (produced amount; 46.6 g (190
mmol), yield: 95%, melting point: 150° C.). The product
showed an NMR spectrum same as that of Synthesis Example
1-5.

Synthesis Example 9-2

Et,NTCB obtained in Synthesis Example 9-1 was mixed
with hydrogen peroxide solution (aqueous 30 wt % H,O,
solution) in a weight 2.25 times as much as that of Et, NTCB
and stirred for 60 minutes at 50° C. Thereafter, extraction and
drying treatment were carried out in the same manner as in
Synthesis Example 5-1 to obtain a light yellow solid of
Et,NTCB (produced amount; 35 g (144 mmol), yield: 72%).

Synthesis Example 10
Synthesis Example 10-1
Tetramethylammonium Tetracyanoborate Synthesis

Synthesis of a crude product and activated carbon treat-
ment were carried out in the same manner as in Synthesis
Example 5-1, except that 21.9 g (200 mmol) of tetramethy-
lammonium chloride was used in place of Et;MeNCl to
obtain a white solid of tetramethylammonium tetracyanobo-
rate (Me ,NTCB) as a product (produced amount; 26.5 g (140
mmol), yield: 70%).

'H-NMR(d6-DMSO) & 3.08(s, 12H)
3C-NMR(d6-DMSO) § 121.9(m),55.3(s)
B NMR(d6-DMSO) 8 -39.6(s)
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Synthesis Example 10-2

Me,NTCB obtained in Synthesis Example 10-1 was mixed
with hydrogen peroxide solution (aqueous 30 wt % H,O,
solution) in a weight 2.25 times as much as that of Me ,NTCB
and stirred for 60 minutes at 50° C. Thereafter, extraction and
drying treatment were carried out in the same manner as in
Synthesis Example 5-1 to obtain a light yellow solid of
Me NTCB (produced amount; 11 g (100 mmol), yield: 50%).

Synthesis Example 11
Synthesis Example 11-1

Tributylmethylammonium Tetracyanoborate
Synthesis

Synthesis of a crude product and activated carbon treat-
ment were carried out in the same manner as in Synthesis
Example 5-1 except that 44.4 g (200 mmol) of tributylammo-
nium chloride was used in place of Et;MeNCl to obtain a
yellow solid of tributylammonium tetracyanoborate
(Bu,;NHTCB) as a product (produced amount; 48.2 g (160
mmol), yield: 80%). The product showed an NMR spectrum
same as that of Synthesis Example 3-16.

Synthesis Example 11-2

Bu,;NHTCB obtained in Synthesis Example 11-1 was
mixed with hydrogen peroxide solution (aqueous 30 wt %
H,0, solution) in a weight 2.25 times as much as that of
Bu,NHTCB and stirred for 60 minutes at 50° C. Thereafter,
extraction and drying treatment were carried out in the same
manner as in Synthesis Example 5-1 to obtain a yellow solid
of Bu;NHTCB (produced amount; 39 g (0.13 mmol), yield:
65%).

The various kinds of ion components contained in each
ionic compound produced in Synthesis Examples 5 to 11
were measured by the above-mentioned methods. The results
are shown in Table 3. In Table 3, “N.D.” showed that the
amount of an impure ion component contained in a measure-
ment sample was measurement limit (1 ppm) or lower.

TABLE 3
Treatment
Activated  Oxidizing
carbon agent Extraction Cl/ppm Br/ppm CN/ppm Na/ppm Si/ppm Water/ppm
Synthesis employed H,0, employed 4 — 288 N.D. N.D. 83
Example
5-1
Synthesis employed NaClO, employed 94 — 10 1180 131 110
Example
5-2
Synthesis  not H,0, employed <1 — 119 40 31 114
Example  employed
5-3
Synthesis employed not not 350 — 6700 32 22000 1750
Example employed employed
5-4
Synthesis employed H,0, NaOH 86 — 550 744 2724 530
Example extraction
5-5
Synthesis employed not not 570 — 1600 32 16900 1840
Example employed employed

6-1
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TABLE 3-continued
Treatment
Activated  Oxidizing
carbon agent Extraction Cl/ppm Br/ppm CN/ppm Na/ppm Si/ppm Water/ppm
Synthesis employed H,0, employed 3 — 161 9 236 80
Example
6-2
Synthesis employed not not 630 480 2990 5 50300 1620
Example employed employed
7-1
Synthesis employed H,0, employed 5 <1 86 10 6 83
Example
7-2
Synthesis employed not not 439 — 152 192 28200 3200
Example employed employed
8-1
Synthesis employed H,0, employed <1 — 110 N.D 12 66
Example
8-2
Synthesis employed not not 1210 — 6740 9 3000 4800
Example employed employed
9-1
Synthesis employed H,0, employed <1 — 119 39 31 114
Example
9-2
Synthesis employed not not 2300 — 4320 8 42100 2200
Example employed employed
10-1
Synthesis employed H,0, employed 4 — 288 N.D N.D. N.D.
Example
10-2
Synthesis employed not not 3200 — 3420 21 19800 2400
Example employed employed
11-1
Synthesis employed H,0, employed 5 — 268 8 18 100
Example
11-2

From the results of Synthesis Examples 5 to 11, it can be
understood that Si, cyanide ion (CN7), and halide ion (C1™ or
Br™) remaining in the ionic compound are decreased by the
oxidizing agent treatment by bringing the ionic compound
into contact with an oxidizing agent.

Further, from the results of Synthesis Example 5, it can be
understood that the effect of the oxidizing agent treatment
became furthermore efficient by combination with activated
carbon treatment and extraction treatment (comparison of
Synthesis Example 5-1 and Synthesis Example 5-3) and fur-
thermore, it can also be understood that the water content in
the ionic compound are further decreased in the case hydro-
gen peroxide is used as an oxidizing agent by comparing
Synthesis Example 5-1 and Synthesis Example 5-2.

That is, according to the invention, a high purity ionic
compound with decreased content of impure ions which are
contained in the starting materials and are inevitably mixed
during production is obtained.

Example 6

In Example 6, the highest occupied molecular orbital
energy level of various kind of anions having a structure
defined by the general formula [(NC),—X%"] was calculated
(Experiment Example 5) and the withstand voltage range
LSV of actually synthesized anions was measured (Experi-
ment Example 6).

Experiment Example 5

Calculation of Highest Occupied Molecular Orbital Energy
Level

Calculation of the highest occupied molecular orbital
energy level of various kinds of anions shown in Table 4
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below was carried out, employing GAUSSIAN 03 (manufac-
tured by GAUSSIAN, Inc.) and using B3LYP/6-311+G(2d,
p) for the basis function. The calculation results of the highest
occupied molecular orbital energy level are shown in Table 4.

TABLE 4
Energy level
No Anion [eV]
1 OCN -0.856
2 SCN -1.082
3 N(CN), -1.776
4 C(CN), -1.983
5 Se(CN); -3.745
6 B(CN), -5.809
7 Al(CN), -6.107
8 Ga(CN), -6.077
9 Si(CN)s -5.961
10 Ge(CN)5 -5.735
11 P(CN)g -6.561
12 As(CN)g -6.744
13 B(CN);F -5.421
14 B(CN),F, -4.974
15 B(CN)F, -4.642
16 BF, -4.499
17 PF, -5.319
18 AsFq -5.862

Experiment Example 6

Linear Sweep Voltammetry (LSV Measurement)

In Experiment Example 6, withstand voltage range LSV of
actually synthesized anions was measured. LSV measure-
ment was carried out as follows.
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[Measurement of Withstand Voltage Range LSV

The withstand voltage range was measured by carrying out
LSV measurement by a standard voltammetry tool HSV-100
(trade name, manufactured by Hokuto Denko Corporation)
using a tripolar cell in a glove box at 30° C. atmosphere. The
measurement conditions are as follows.

(Measurement Condition)

Working electrode: Glassy carbon electrode, Reference
electrode; Ag electrode, counter electrode: Platinum elec-
trode

Solution concentration: 1 mol/L

Solvent: propylene carbonate

Sweeping speed: 100 mV/s

Sweeping range: spontaneous potential to 5V

Experiment Example 6-1

Et;MeNTCB obtained in Synthesis Example 1-3 was dis-
solved in dehydrated propylene carbonate (manufactured by
Kishida Chemical Co., [.td.) to have a concentration of 1
mol/L. and subjected to LSV measurement. The result is
shown in FIG. 1.

Experiment Example 6-2

A 2.0 mol/LPC solution of commercialized triethylmethy-
lammonium tetrafluoroborate (TEMABF,) (manufactured
by Kishida Chemical Co., Ltd.) was diluted to 1.0 mol/L, and
then subjected to LSV measurement. The result is shown in
FIG. 2.

In Table 4, the anions shown in No. 6 to 11 had the highest
occupied molecular orbital energy level lower than -5.5 eV
and it is implied that the anions had wide potential window.
Actually, as shown in Experiment Example 6-1 (FIG. 1),
although slight electric current was observed around 2 'V,
electric current in Et;MeNTCB having the HOMO level of
-5.809 eV was scarcely observed in a voltage range higher
than that and thus it can be understood that Et;MeNTCB is a
compound having a wider withstand voltage range than
Et;MeNBF, shown in Experiment Example 6-2 (FIG. 2).

Since an ion-conductive material of the invention has a
wide potential window and contains no harmful substance
such as F and As, it can be used preferably for uses such as
lithium ion batteries, lithium ion capacitors, electric double
layer capacitors, and electrolytic capacitors.

Industrial Applicability

An ionic compound containing tetracyanoborate obtained
by the production method of the invention is used preferably
for various uses as constituent materials of various kinds of
electrochemical devices such as ion conductors (electrolytic
solution materials or the like), e.g., lithium secondary batter-
ies, electrolytic capacitors, electric double layer capacitors,
lithium ion capacitors, etc., a reaction solvent for organic
synthesis, a conductivity supply agent for polymers, a lubri-
cant, a gas absorbent, etc.

Especially, if an ionic compound of the invention is used, a
highly reliably electrolyte solution material and an additive
such as a conductivity supply agent and a lubricant is pro-
vided.

The invention claimed is:
1. A method for producing an ionic compound represented
by formula (I), comprising a step of reacting starting materi-
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als containing trimethylsilyl cyanide, a boron compound, and
an amine and/or ammonium salt,
wherein the boron compound is at least one selected from
the group consisting of M“BX¢,, BX¢;, BX¢;-complex,
and B(OR"?);,
wherein M denotes a hydrogen atom or an alkali metal
atom, X° denotes a hydrogen atom, a hydroxyl group or
a halogen atom, and R'? denotes a hydrogen atom or an

alkyl group:

ey}
TN
P
NC7/ eN
NC

Kt’”®

m

wherein Kt”* denotes an ammonium cation, and m denotes
an integer of 1.

2. The method for producing an ionic compound according
to claim 1, wherein the starting materials contain ammonium
salt.

3. The method for producing an ionic compound according
to claim 2, wherein the ammonium salt contains a halide ion
as an anion.

4. The method for producing an ionic compound according
to claim 1, wherein the ammonium salt contains a halide ion
as an anion.

5. The method for producing an ionic compound according
to claim 1, further comprising a step of bringing a crude
product obtained by reacting the starting materials into con-
tact with an oxidizing agent.

6. The method for producing an ionic compound according
to claim 5, wherein the oxidizing agent is hydrogen peroxide.

7. A method for producing an ionic compound containing
an alkali metal cation, comprising reacting starting materials
containing trimethylsilyl cyanide, a boron compound, and an
amine and/or ammonium salt to produce an ionic compound
represented by formula (I),

wherein the boron compound is at least one selected from

the group consisting of M°BX¢,, BX¢;, BX ;-complex,
and B(OR"?),,

wherein M denotes a hydrogen atom or an alkali metal

atom, X° denotes a hydrogen atom, a hydroxyl group or
a halogen atom, and R'? denotes a hydrogen atom or an

alkyl group:

ey}
TN
P
NC7/ eN
NC

m

Kt’”®

wherein Kt”* denotes an ammonium cation, and m denotes
an integer of 1, and

carrying out a cation exchange reaction, wherein the
ammonium cation contained in the ionic compound rep-
resented by formula (I) is exchanged for the alkali metal
cation.



